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wherein M 1 is a transition metal atom of the group 4 of 
the periodic table of elements, A is an atom of the group 
1 6 of the periodic table of elements, and B is an atom of 



the group 14 of the periodic table of elements; Cp 1 is a 
group having a cyclopentadiene type anionic skeleton; 
and X 1 , X 2 , R 1 . R 2 . R 3 . R 4 , R 5 and R 6 are each inde- 
pendently a hydrogen atom, halogen atom, alky! group 
with the number of carbon atoms of 1 -20 optionally sub- 
stituted with at least one halogen atom, aralkyl group 
with the number of carbon atoms of 7-20 optionally sub- 
stituted with at least one halogen atom, aryi group with 
the number of carbon atoms of 6-20 optionally substi- 
tuted with at least one halogen atom, substituted silyl 
group with the number of carbon atoms of 1-20 option- 
ally substituted with at least one halogen atom, alkoxy 
group with the number of carbon atoms of 1-20 option- 
ally substituted with at least one halogen atom, aralky- 
loxy group with the number of carbon atoms of 7-20 
optionally substituted with at least one halogen atom or 
aryloxy group with the number of carbon atoms of 6-20 
optionally substituted with at least one halogen atom, or 
dt-substrtuted amino group with the number of carbon 
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atoms of 2-20. provided that R 1 , R 2 , R 3 , R 4 , R 5 and R 6 
may option ally combine with each other to form a ring; a 
process for producing the same; an olefin pofymeriza- 
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tion catalyst containing the transition metal complex; 
and a process tor producing olefin polymers. 



(A) TRANSITION METAL COMPONENT 




M : GROUP 4 TRANSITION METAL ATOM 
A: GROUP 16 ATOM 8:GAOUP14ATOM 
Cp 1 : GROUP HAVING CYCLOPBfTADIENE TYPE 
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X , 1 X*R 1 i ll t i RW > R I 1 R* 
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AMINO GROUP 

(B) ORGANOMETALUC COMPONENT 
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(C) THIRD COMPONENT 
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Description 

TECHNICAL FIELD 

5 The present invention relates to a transition metal complex, a process for producing the same, a polymerization cat- 

alyst containing the transition metal complex and a process for producing polymers which uses the catalyst. 

BACKGROUND ART 

10 A number of reports have already been made on the process for producing olefin polymers using a metallocene 
complex. For example. JP-A-58-19309 discloses a process for producing olefin polymers which uses a metallocene 
complex and an aluminaxanone. The process has a problem in that when olefin is polymerized with the disclosed cat- 
alyst which uses bis(cydopentadienyl)zurconium dtchloride and methylaluminoxane, the molecular weight of the olefin 
polymer obtained is low. To improve this point WO87/02370 discloses the use of a reaction product of an organic com- 

is pound having at least two hydroxyl groups with a transition metal compound. However, the system disclosed in 
WO87/D2370 which uses 2,2'-thiobis(Mert-butyM^eth^ dtchloride and methytaluminoxane. and 

also a system disclosed in JP-A-5-230133 which uses 2,2-thiobis<6-tert-butyl-4-metty dtchloride, tri- 

isobutylalumtnum and triphenytmethyl tetraWs(pentaf luorophenyl)bomte involve a problem in that the catalytic activity is 
unsatisfactorily low from the industrial point of view although the molecular weight of the polymer produced is improved. 

20 Moreover, known metallocene complexes, e.g., ethytenebis(indenyl)ztrconium dichloride, isopropytidene(cyck>pen* 
tadienyl) (ftuorenyt)zirconium dtchloride and dimethyisilyfftert-butylan^ ctichlo- 
ride, have a problem in that they are insoluble in saturated hydrocarbon solvents although they are 6duble in aromatic 
hydrocarbon solvents and resuttantly polymerization catalysts containing such complexes cannot be used for producing 
polymers using saturated hydrocarbon solvents. 

25 In recognition of the situation, the objects of the present invention are to provide a complex, important from the 
industrial viewpoint which has a high activity at reaction temperatures efficient in the industrial process for olefin polym- 
erization and is soluble in saturated hydrocarbon solvents, and to provide a highly active olefin polymerization catalyst 
containing the complex, and a process for producing olefin polymers which uses the catalyst. 

so DISCLOSURE OF THE INVENTION 

The present inventors have made extensive study on transition metal complexes and olefin polymerization cata- 
lysts in order to attain the above-mentioned objects. As the result, the inventors have found a transition metal complex 
soluble in saturated hydrocarbon solvents which has a ligand comprising an aromatic ring having a hetero atom in the 
35 substituent and a cyclopentadienyl ring linked with each other through a covalent bonding group, and have accom- 
plished the present invention on the basis of above finding. 

Thus, according to the present invention, there are provided a transition metal complex represented by the formula 
(1) (hereinafter referred to as compound (1)) and a polymerization catalyst containing the complex: 



40 




50 

wherein M 1 tsa transition metal atom of the group 4 of the periodic table of elements, A is an atom of the group 1 6 of 
the periodic table of elements and B is an atom of the group 1 4 of the periodic table of elements; Cp 1 is a group having 
a cyclopentadiene type anionic skeleton; and X 1 , X 2 , R 1 , R 2 , R 3 , R 4 , R 5 and R 6 are each independently a hydrogen 
55 atom, halogen atom, alkyl group with the number of carbon atoms of 1-20 optionally substituted with at least one halo- 
gen atom, aralkyl group with th number of carbon atoms of 7-20 optionally substituted with at least on halogen atom, 
aryl group with the number of carbon atoms of 6-20 optionally substituted with at least one halogen atom, substituted 
silyl group with the number of carbon atoms of 1-20 optionally substituted with at least one halogen atom, alkoxy group 
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with the number of carbon atoms of 1-20 optionally substituted with at least one halogen atom, aralkyloxy group with 
the number of carbon atoms of 7-20 optionally substituted with at least one halogen atom, arylaxy group with th 
number of carbon atoms of 6-20 optionally substituted with at least one halogen atom, or di-substituted amino group 
with the number of carbon atoms of 2-20; provided that R 1 , R 2 , R 3 , R 4 , R 5 and R 6 may optionally combine with each 
5 other to form a ring. 



[Transition metal complex] 



In the compound [1J. the transition metal atom represented by M 1 refers to a transition metal atom of the group 4 
10 of the periodic table of elements (Nomenclature of Inorganic Chemistry. IUPAC. revised ed., 1989) and may be, for 
example, a titanium atom, zirconium atom and hafnium atom. 

The atom of the group 1 6 of the periodic table of elements represented by A may be, for example, an oxygen atom, 
sulfur atom and selenium atom, and is preferably an oxygen atom. 

The atom of the group 14 of the periodic table of elements represented by B may be. for example, a carbon atom, 
is silicon atom and germanium atom. 

The group having a cyctopentadiene type anionic skeleton represented as the substituent Cp 1 may be. for exarrpl 
the n -cyclopeotadienyl I group. n s nriethyk^dopernadienyl group. n 5 ^methykyclopentadienyl group, n 5 -trimethytey- 
clopentadienyl group, n 5 -tetramethyk*dqper^ group. ti 5 ^hy»cyctopentadienyi group. Ti 5 -n-propyteydopentadi- 
enyl group, n^teopropyk^ctoperrtacfienyl group, ii 5 -n-butyfcydopentacfienyl group, Ti 5 -sec-butylcydopentadienyl group. 

20 H 4ert4xjtylcyclopente«en^ group, n 5 Hi^)eritylcyclopentad^ group, iT-neopentyk^dopentadienyl group, i] 5 -rvhex- 
yteyctopentacfienyl group, T] 5 -rwxayteydopentadienyl group, ii 5 i*henylcydopentatfienyl group, t] 5 -naphthyk*cloperita- 
dienyt groip. ii 5 -trimethyteflyte^ group, n 5 -triethytsilylcyd^entadienyl group, ?i 5 -tert- 

butyWimethytsiltfcyck^^ group. n 5 -indenyl group, T] 5 -methylindenyl group. Ti 5 -dimethylindeny1 group, n 5 -ethyl- 

indenyl groip. r\ -n-propylindenyl group. n 5 -«opropy»indenyl group, ti 5 -n-butylindenyl group, ti 5 -sec-butyfindenyi group. 

m t| -tert-butylindwiyl group. ri 5 -n-pentylindenyl group, n 5 -neopentylindenyl group. Ti 5 -n-hexylindenyl group, T| 5 -n-octylin- 
denyf group. ii 5 -n-decylindenyl group. rr^phenylindenyl group. n 5 -^ethyiphenyiindenyl group, ii 5 -naphthylindenyl 
group, n -trimethyisdytindenyl group. n 5 -tnethyteilytlndeny1 group. Ti 5 -tert-butyWimethytsi1ylirKienyl group ii 5 -tetrahy- 
droindenyl group, ri -fluxenyl group, ti 5 -methytfluoreny1 groups Tj 5 -<firnethytfluorenyl group, ri s -ethyffluorenyl group, n 5 - 
diethytfluorenyi group, n 5 *n-propytfluorenyl group. T| 5 -di-n-propyffluorenyl group, n 5 ^sopropytfluorenyf group, n 5 -diiso- 

w propyKluorenyl group, _ n 5 -n-butytf luorenyl group, ii 3 -sec-butytfluorenyl group, ti 5 -tert-butytfhjorenyl group, qM-n- 
butytfluorenyl group. Tj 5 ^i-sec-butyffluorenyl group, n 5 -di-tert-butylfluorenyl group, ti 5 -n-pentytfluorenyl group, ii 5 -neo- 
pentyffkjorenyl group, ii 5 -n-hexytfkjorenyl group. Ti 5 -n-octytf»uorenyl group, n 5 -rvdecyHluorenyl group. T) 5 -n-dodecyffKi- 
orenyl group. tr-phenytfluorenyf group, T| 5 K*i-phenyff!uorenyl group, T| 5 -methylphenytfluorenyl group, n 5 - 
naphthytf luorenyl group, x\ 5 *trimethyteilyrf luorenyl group, Ti 5 -bis-trimethytsilyHhJorenyl group, n 5 -triethyteHytfluorenyl 

t5 group and r\ -tert-butykfimetrry^ytfluorer^ group, preferred among them being, for example, the ii 5 -cydopentadienyl 
group, n -methyJcyclopentadienyl group. n 5 -tert-butylcydopentadienyi group, r\ 5 -t etramethylcydopentadi enyf group 
7i 9 -indenyl group and ir-fluorenyl group. 

The halogen atom in the substituents X 1 , X 2 , R\ R 2 , R 3 , R 4 . R 5 and R 6 may be. for exarrple. a fluorine atom, chlo- 
rine atom, bromine atom and iodine atom. 

o The alkyl group with the number of carbon atoms of 1 -20 in the substituents X 1 . X 2 , R 1 . R 2 , fl 3 , R 4 , R 5 and R 6 may 
be, for example, the methyl group, ethyl group, n-propyl group, isopropyl group, n-butyf group, sec-butyl group, tert-butyl 
group, n-pentyl group, neopentyt group, amy! groip, n-hexyl group, n-octyl group, n-decyl group, n-dodecyl group, n- 
pentadecyl group and n-eicosyl group, preferred among them being, the methyl group, ethyl group, isopropyl group tert- 
butyl group and arnyi group. 

s All of these alkyl groups may optionally be substituted with at least one halogen atom, e.g. . fluorine atom, chlorine 
atom, bromine atom and iodine atom. The alkyl group with the number of carbon atoms of 1-20 substituted with at least 
one halogen atom may be, for example, the f luoromethyt group, dif luoromethyl group, trif luoromethyl group, chlorome- 
thyl group, dichloromethyl group, trichloromethyl group, bromomethyl group, dtoromomethyl group, trforomomethyl 
group, iodomethyl grow, cfiiodomethyi group, triiodomethyl group, fluoroethyl group, difluoroethyl grotp, trifluoroethyl 

? group, tetrafluoroethyl group, pentafluoroethyl group, chloroethyl group, dichloroethyf group, trichloroethyl group, tetra- 
chloroethyl group, pentachtoroethyl group, bromomethyl group, dibromoethyf group, tribromoethyl group, tetrabromoe- 
thyl group, pentabromoethyl group, perfluoropropyl group, perfluorobutyl group, perfluoropentyl grwp, perf luorohsxyl 
group, perf luorooctyl group, perfluorododecyt group, pert kioropentadecyl group, perf luoroeicosyl group, perchlorcpro- 
pyl group, perohlorobutyl group, perchloropentyl group, perchlorohexyl group, perchlorooctyl group, perchlorododecyl 

* group, perchforopentadecyl group, perchforoeicosyl group, perbromopropyi group, perbromobutyl group, perbromo- 
pentyl group, perbromohexyl group, perbromooctyl group, perbromododecyl group, perbromopentadecyl group and 
perbromoeicosyl group. 

The aralkyi group with the number of carbon atoms of 7-20 in the substituents X 1 , X 2 , R 1 , R 2 , R 3 , R 4 , R 5 and R 6 
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may be, for example, the benzyl group, (2-methyipheny1)methyl group. (3-methytphenyl) methyl group, (4-methylphe- 
nyl)methyl group. (2,3-dimethytphenyl)methyl group, (2,4-dirrothylphenyOmethyl group, (2,5<«methytphenyl)rnethyl 
group, (2,6<Jimethyiphenyl)methyl group, (3,4^imethytj^nyl)methy1 group, (4, 6<Jimethytphenyi) methyl group, (2.3,4- 
trimethyiphenyOmethyf group, (2,3,5-trimethyfphenyOmethyl group, (2,3,6-trimethylphenyf)rne^ group. (3,4.5-trimeth- 

5 ytphenyl) methyl group. (2.4,6-trimethytphenyi)rnethyl group, (2.3.4,5-tetramethyfpheny))meth^ group. (2,3,4,6-tetrame- 
thytphenyl)methyl group, (2,3.5.6-tetram6thylphenyt)methyl group, (per^methylphenyl)m ethyl group, 
(ethylphenyl)methyi group, (rvpropy^>heny<)methyl group, (isopropylphenyl)methyl group, (n-butylphenyO methyl group. 
(sec^butytphenyQ methyl group, (tert-butylphertyi)methyl group, (tvperrtylphenyl)methyl group, (neoperrtytpheny!) methyl 
group, (n-hexylphenyi)methyl group, (n^>ctytphenyl)rnethyl group, (rvdecytpherryl) methyl group, (n-decytpheny1)methyl 

io group. (n4etradecylphenyt)methyl group, naphthylmethyl group and anthracenyhnethyl group, preferred of these being 
the benzyl group. 

All of these aralkyl groups may optionally be substituted with at least one halogen atom, e.g., fluorine atom, chlorine 
atom, bromine atom and iodine atom. 

The aryl group with the number of carbon atoms of 6-20 in the substrtuents X 1 , X 2 , R 1 , R 2 , R 3 . R 4 , R s and R 6 may 

is be. for example, the phenyl group, 2-tolyt group, 3-tolyl group. 4-tolyl group, 2,3-xyfyl group, 2,4-xylyl group. 2,5-xylyl 
group, 2,6-xylyl group, 3,4-xytyl group, 3,5-xylyi group, 2.3,4-trimethylphenyl grotp, 2,3.5-trimethylpheriyt group, 2.3,6- 
trimethytphenyl group, 2,4,6-trimethytphenyl group. 3.4,5-trimethytphenyl group. 2.3,4,5-tetramethylphenyl group. 
2,3,4.6-tetramethytphenyt group, 2,3.5,6-tetramethylphenyl group, pentamethytphenyt group, ethytphenyt group, n-pro- 
pytphenyl group, rsopropytphenyl group, n-butylphenyl group, sec-butytphenyft group, tert-butytphenyl group, n-pentyi* 

20 phenyl group, neopentytphenyl group, n-hexyf phenyl croup, n-octytphenyl group, n-decylphenyl group, rvdodecytphenyl 
group, n-tetradecylphenyt group, naphthyl group and anthracenyl group, preferred of these being the phenyl group. 

All of these aryl groups may optionally be substituted with at least one halogen atom, e.g., fluorine atom, chkxin 
atom, bromine atom and iodine atom. 

The substituted sityt group with the number of carbon atoms of 1-20 in the substrtuents X 1 , X 2 , R 1 . R 2 . R 3 . R 4 , R 5 

25 and R 6 refers to a sHyt group substituted with at least one hydrocarbon group. The hydrocarbon group may be, for exam- 
ple, an alkyl group with the number of carbon atoms of 1 -1 0, such as the methyl group, ethyl group, n-propyl group, iso- 
propyi group, n-butyl group, sec-butyl group, tert-butyl group, isobutyl group, n-pentyl group, n-hexyl group and 
cydohexyl group, and an aryl group, such as phenyl group. Examples of the substituted silyl group with the number of 
carbon atoms of 1-20 include a monosubstrtuted silyl group wrth the number of carbon atoms of 1-20, such as the meth- 

30 yfsilyl groups ethytsilyt group and phenylsilyl group, di-substituted silyl group with the number of cartxxi atoms of 2-20, 
such as the dtmethyfsityl group diethylsilyl group and diphenyteilyl group, and tri -substituted silyl groups with the 
number of carbon atoms of 3-20, such as trimethylsityl group, triethyteilyl group, tri-n-propylsilyt group, triisopropytsilyl 
group, tri-n-butytsityl group, tri-sec-butyjsilyl group, tri-tert-butylsiryl group, trHsobutytsilyl croup. tert-butyldime*hylsi>yl 
group, tri-n-pentylsilyl group, tri-n-hexylsilyl group, tricydohexytstryl group and triphenytsilyl group, preferred of these 

35 being the trimethytsllyl group, tert-butytefimethytsilyl group and triphenylsilyl group. 

The hydrocarbon groups of each of these substituted silyl groups may optionally be substituted with at least one 
halogen atom, e.g.. fluorine atom, chlorine atom, bromine atom and iodine atom. 

The alkoxy group with the number of carbon atoms of 1-20 in the substrtuents X 1 ,X 2 R 1 , R 2 R 3 . R 4 . R 5 and R 6 
may be, for example, the methoxy group, ethoxy group, n-propoxy group, isopropoxy group, n-butoxy group, sec-butoxy 

40 group, tert-butoxy group, n-pentaxy group, neopentoxy group, n-hexoxy group, n-octoxy group, n-dodecoxy group, n- 
pentad ecoxy group and n-etcosoxy group, preferred of these being the methoxy group, ethoxy group and tert-butoxy 
group. 

These alkoxy groups may each optionally be substituted with at least one halogen atom, e.g., fluorine atom, chlo- 
rine atom, bromine atom and iodine atom. 

45 The aralkyioxy group with the number of carbon atoms of 7-20 in the substrtuents X 1 , X 2 , R 1 , R 2 , R 3 , R 4 . R 5 and 
R 6 may be, for example, the benzytoxy group, (2-methylphenyl)methaxy group* (3-methylphenyO methoxy group, (4- 
methytphenyO methoxy group, (2,3<iimetbyiphenyf)methoxy group, (2.4^imethyipheny1) methoxy group, (2,5-dimethyl- 
phenyl)methoxy group, (2.6<fimethylphen^)metfToxy group, (3,4-dlmethylphenyOmethoxy group, (3,5-dimefthytphe- 
nyl)methoxy group (2,3,4-trimethylpheny0m8thoxy group, (2.3,5-trimethytphen group, (2.3.6- 

so trrmethytphenyOmethoxy group. (2,4,5-trimethytphenyO methoxy group. (2,4,6-trimethy^enyOmethoxy group, (3.4,5-tri- 
methylphenyO methoxy group, (2,3,4.5-tetramei^lphenyO methoxy group, (2,3,4,6-tetramethytphenyQmethoxy group, 
(2,3.5.6-tetramethytpheny1)methoxy group, (pentamethy^henyl)methoxy group, (ethylphenyl)methQxy group, (n-propyl - 
phenyfymethoxy group. (tsopropytphenyl) methoxy group, (n-butylphenyl)rnethoxy group, (sec-butylphenyOmethoxy 
group, (tert-butytph^l)methoxy group, (n-hexylphenyl)methoxy group, (rvoctytphenyi)metrxsxy group, (n-decytphe- 

55 ny1)methoxy group, (n-tetradecy(phenyl)methoxy group, naphthyi methoxy group and anthracenylmethoxy group, pre- 
ferred of these being the benzytoxy group. 

These aralkyioxy groups may each optionally be substituted with at least one halogen atom, e.g., fluorine atom, 
chlorine atom, bromine atom and iodine atom. 



5 



EP 0 842 939 A1 



The arytoxy group with the number of carbon atoms of 6-20 in the substituents X 1 , X 2 , R 1 , R 2 R 3 , R 4 , r 5 and R 6 
may be such an arytoxy group with the number of caibon atoms of 6-20 as the phenoxy group, 2-methylphenoxy group, 
3-methytphenoxy group. 4-methyiphenoxy group, 2,3-dimethyrphenoxy group, 2,4-dimethyfphenoxy group, 2,5-dimeth- 
ytphenoxy group, 2,6-ctimethytphenoxy group, 3,4-<fimethytphenoxy group, 3,5<limethylphenoxy groip, 2,3,4-trimethyl- 
phenoxy group, 2,3,5-trimethylphenoxy group. 2,3,6-trimethylphenoxy group. 2.4,5-trimethylphenoxy group, 2,4,6- 
trimethyiphenoxy group, 3,4,5-tmnethylphenoxy group, 2,3.4,5-tetramathyiphenoxy group, 2,3.4,6-tetramethytphenoxy 
group, pentamethylphenoxy group, ethytphenoxy group, n-propytphenoxy group, rsopropytphenoxy group, rvbutytphe- 
naxy group, sec-butytphenoxy group, tert-butyiphenoxy group, n-hexytphenoxy group, n-octylphencocy group, n-decyt- 
phenoxy group, n-tetradecylphenoxy group, naphthoxy group and anthracenaxy group. 

These arytoxy groups may each optionally be substituted with at least one halogen atom, e.g., fluorine atom, chlo- 
rine atom, bromine atom and iodine atom. 

The di-substrtuted amino group with the number of carbon atoms of 2-20 in the substituents X 1 , X 2 , R\R 2 R 3 , R 4 . 
R 5 and R 6 refers to an amino grotp substituted with two hydrocarbon groups, the hydrocarbon group being, for exam- 
ple, an alkyl group with the number of carbon atoms of 1 -1 0. such as the methyl group, ethyl group, n-propyl group, iso- 
propyl group, n-butyl group, sec-butyl group, tert-butyl group, isobutyl group, n-pentyl groip, n-hexyl group and 
cyclohexyi groip, and an aryl group such as the phenyl group. Examples of such el-substituted amino group with th 
number of carbon atoms of 2-20 include the dimethylamino group, diethyJamino groip, di-n-propylamino group, diiso- 
propytamino group, di-n-butylamino group, di-sec-butylamino group, di-tert-butylamino group, diisobutylamino group, 
tert-butytisopropyiamino group, di-n-hexylamino group, di-n-octytamino group, di-n-decytamino group, diphenylamino 
group, bistrimethyfsilylamino group and bis-tert-butyfdimethyftsilylamino group, preferred of these being the dimethyl- 
amino grotp and diethylanrrino group. 

Ttie substituents R 1 . R 2 , F* 3 , R 4 , R 5 and R 6 may optionally combine with each other to form a ring. 

X^ and X 2 are each preferably a halogen atom, alkyl group and aralkyl group, more preferably a halogen atom. 

R j s preferably an alkyl group with the number of carbon atoms of 1 -20. aralkyl group, aryl group, halogenated alkyl 
group, halogenated aralkyl group, halogenated aryl group or substituted silyt groip. 

The compounds (1) include transition metal complexes wherein B in the formula (1) is a carbon atom, such as 
methyl ene(cyclopentactteny0(3, dichloride, methyl ene(cyclopentadieny0(3-tert-butyi-2- 

phenoxy)t!tanium dichloride. methylene(cyctapentadienyl^^ dichJoride, methyl- 

ane(cydopertiadienylX3-pheny1-2^ cfichloride, methytene(cyd<pemadienyl)(»^ 

5-methyl-2- phanoxy)titanium dichloride, methylene{cydoperrtadienylK3-trmeth^ 

dichloride. methy»ene(cyclopentadienyQ(3^ dichloride, rrothyieneCcydopenta- 

dienyt){3-tert -butyl -5*chloro-2^phenoKy)titanium dichloride, 

methytene<methylcydope dichloride, methylene(methylcyclopenta* 

dieny1)(3-tert-butyt-2i^enoxy)trtanium dichloride, methy!ene(methyk*ckx^ - 
noxy)trtanium dichloride, methyfene(melhykycIopenra dichlorid 
mG ^ m ^ meth y fc ^^ dichloride. methylene(metrv 

ytyck>pent8dienyQ(3-trime^ dichloride, mrthylene{methylcyclopentadienyl)(3-tert- 

butyl -5-methoxy -2-phenoxy)titanium dichloride. nrwthytene(memylcyck)perit^ 
noxy)titanium dichloride, 

methytem^tert-butyl^^ dichloride. methyiene(tert-butyk:y' 

ctopentadieny0(3-tert-butyl-2^enaxy)trtanium dichloride. methylene^ ert-butyk*ctopentadi enyf) (3-tert-butyl-5-methyl - 
2-phenoxy)titanium dichloride. methylene(tert-butylcyclopen^ dichloride, methyl- 

ene(tert-butylcydopentad^ methylene(ter1-butyl- 
cydopemacfteny0(3-trimethy!s^ dichloride, methyiene(teil4>utytcydopentadi 

butyl-5-metho)cy-2-phenoxy)trtanium dichloride, methyiene(tert-butylcyctopentadi 
noxy)titantum dichloride, 

methy»ene(tetramethylcyd^ dichloride. methylene(tetramethyicy- 

c!opentadwnyO(3-tert4xityl-2i>henaxy)tftanKjm dichloride. methylene(tetramethylcydopentadier^ 
methyl-2-phenoxy)tftanium dichloride, methylene(teframethy^ dichlo- 
ride. methytenefletnmiethytc^ dichloride. methyl - 
ene(tetramethylcydopernadieny0(3-tri dichloride, methy1ene(tetramethyl - 
cydopentadienyQ(3-tert-butyl-5-n^ dichloride. methylene(tetmmethylcydopentadienyl)(3- 
tert^)utyl-5-chloro-2-phenoKy)titanium dichloride, 

methylene(trimethyteilyl<^ dichloride, methylene(trimethylsilyf- 

cydopentacfienyl)(3-tert-butyf-2-phenoxy)trta^ dichlorid . methylene(trimethytsilykyckxoentadje^ 
methyl -2-phenoxy)titani um dichloride, methylene(trimethyisHylcyclopert dichjo- 
ride, methylene(trimethylsilyk^ silyi-5-methy l«2-phenoxy)trtani um dichloride, meth- 

yfene(trimethyteily1cyd^ dichloride. methyfene{trimethyi- 
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sily1cyctopentadienyl)(3-te^^ dichtoride. methyl ene(trimethy1silylcydopentadi- 

en^(3-tert-buty1-5K:hloro-2i3h dichloride, 

methytene0luoreny0(3.5<lim^ dichtoride. methylene(fkKxeny1)(3'tert-butyl-2^ - 

noxy)titanium dichloride. me*hylene(fluorenyl)(3-tert^ dichtoride, methylene(fluore- 

nyl)(3-phenyl-2-phenoxy)titanium dichtoride, methylene(fluoreny0(34ert*u^ noxy)ti- 
tanium dichloride, methylene(fluoref^(3-ttime$hylsilyt-^ melhy(ene(fluorenyl)(3- 
tert4xityl-5-rnethoxy-2i)hena)(y)trtanium dichloride. nrethy1ene<fluorenyl)(34€tft^u^ 
dichtoride, 

isopropy1idene(cydopentadienyl^^ dichloride, isopropylidene(cydopemad»- 

eny0(3-tef1-butyl-2i>hen€ixy)titanium dichtoride, isopropylidene(cyck)peritadi 

nium dichloride, rsopropylidene((^dopenta^^ dichloride, isopropyli- 

dene(cydopemadieny1)(3-tert4xitykJimeth^ dichloride, isopropylidene(cydopentadi- 

enyQ(3-trimethylsHyh5-meth^ dichloride, isopr^idene{cyctopentadienM 

2- phenoxy)titanium dichtoride, isopropylidene(cyclopemacfieny^ dichlorid . 

isopropyitoene<methylcydoperrta^ dichloride, isopropyldene<methylcy- 

ctopentadieny0(3-tert-buty^2^erx3xy)1itanii^ dichloride, isoprapylidene(memy1cyctopentadieny^ 
methyi-2-phenoxy)titaniunri dichloride. tsopropy1kiene(rnethy^ dichtoride. 
isopr(pytktene(rnethytcyclope^ dichloride. isopropyfi- 

dene{meltiyteydopentadienyO dichtoride, isopropylidene(methylcyctopen- 

tacfie^)(3^erMxrtyl*methox^ dicNoride, isopropytidene(methylcyctopen^ 

diloro-2^eno(xy)titanium dichtoride, 

tsopropylidene(tert*u^ dichloride. isopropylidene<tert-butyl- 

cyctoperHadi eny0(3-tert^xity1-2-phenoxy)titanium dichloride, tsopropyttene(tert-butylcyctop^ 
melhyl-2-phenoxy)titani urn dichloride, isopropylidene<tert4xjtylcyctoperttadien^ dichlo- 
ride, isopropylk^e(tert-butyl<^ck^ dichloride. teo- 
propylkiene<tert4xrty1cydoper^ phenoxy)titanium dichloride. isoprapylid ene(tert- 
butytcyclopentadien^(3-tert-bu^ dichtoride. iscpropylkJene(tert-butylcydopentadi 
enyi)(3-tert-lxrtyl-5^toro-2iDhen^ dichloride, 

isopropylidene(1etraiT^^ dichtoride. iscpropytkJene(tetrarn - 

ethykydoperrta*ieny0(3-tert^ dichloride. ieopropy(idene(tetramethylcyclG^^ 

lxityl-5*methyl-2-phenoxy)ti1anium dichloride. isopropylidene<tetran^^ 
nium dichloride. isopropyttdenetfeiramethyk^o 

dichtoride. isopropylidene(tetrame^ dichtoride, isopro- 

pylidene(tetranriethylcydoper^ dichloride, isopropy1idene(tetrarneth- 

ytcyctope#rtacfienylM3-tert-buty^ cfichloride, 

isopropy1idene<trimethyteil^^ cfichloride, tsopropy1idene(tri- 

meihylsilylcydopentadieny»)(3-tert4^ cfichloride, isopropyltoene<trimethylsilyk^^ 

eny0(3-tert^xrtyl-5-nie1^ dichloride, »opropylidene{trirTiethytei 

phenoxy)tftanium dichtoride, isopnDpylkiene{trime^ 
noxy)titanium dichtoride. iscpropylkJene(trimet^ 

dichloride, teopropyTdene(trimethylsty dichloride, isopro- 

pylidene(ti1methylsflylcyclope^ dichloride. 

tsopropy1idene{fli>c*eny^ dichloride, isopropy««iene<flLioreriyO(3-tert4xjty1-2- 

phenaxy)tftanium dichtoride, teopropylidene(fluoreny0(3-tert^^ dichloride, isopropyli- 

dene(fluoreny0(3i3henyl-2i3henoxy)titaraum dichtoride. teopropylidene(lluoref^ 

phenocy)titanium dichloride. isopropylidene(flijoreny0(3-trimeth^ dichtoride. isopro- 

pylWe«e<ftuoreriyO<3-teit-bu^ dichloride. teopropytidene<fliioreny0(3-ter1-txrty1-5- 

chloro-2i>henoo(y)titanium dichloride. 

dtphenytmethylene((^opentadi dichloride. d^phenylmethylene(cyclopen- 

tadieriy1)(3-tert-bi^2-phenoxy)titanium dichtoride, diphe*iylmethylene(cycloperrtad 

noxy)titanium dichtoride, cfiplUnylmethylene(cyd(pent^ cfichloride, cBphenyl- 

metrylene(cydopentadieny0(3^^ phenoxy)t Itanium dichtoride, diphenytmethyl- 

erie{cydof^8dieriyO(3-trirTie^ cfichloride, diphenylnr)e1hylene(cyciopentadien 

tert*utyl-5-rnelhoxy-2^enoKy)titanium dichtoride. diphenytm ethyl ene{cyck>pe4^ 
noxy)titanium cfichloride, 

diphem/brwthylene<rne1hylcydopem^ dichloride, diphenylmethyl- 

ene(methylcycjopentadierryl)(3-te^ dichloride, drpheny1methylene<methy»cydopefrtadi- 

enyl)(3-tert-butyl-5-rnethy1-2iDhenaxy)trtaro dichloride, diphenytmethylene{methyte 
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phenoxy)titanium dichloride. diphenyJmethylene(methyf<^ctoperrtadi 
noxy)titanium dichloride, diphenylmethyl ne<methyk*dopentadienyl)(3-frim^^ 

dichloride. diphenytn>ethylene{mett^ dichloride, diphe- 

nylnrwthytene(methykyck)pent^ dichloride. 

dipheny»methy(ene(tert-bu^ dichloride, diphenytmethyi- 

ene(tert-butyk^ctopentadi dichloride, diphenylmethylene{tert-but^^ 

enyQ(3-tert-butyl-5-m^ dichloride, dipheny!memylene(ter14xity^^ 

phenoxy)trtanium dichloride, diphenyimethyiene(1ert-butylcyctopentadien^ 
noxy)titanrunri dichloride, dlphenylmethytene(tert4)utyteydopen^ 

dichloride, diphenylnrHrthylene(t^^ dichloride, diphe* 

nylmethylene(tert4xitylcyclopentadienyfl dichloride. 

diphenylmethylene(tetra dichloride, diphenylmethyl- 

ene{tetramethylcydopentacfien>^ dichloride, diphenylmethy»ene(tetram^cydopen- 

tadienyQ(34ert-butyJ-5-met^^ dichloride. diphenyfnrmthylene(tetramethy^ 

phenyl-2-phenoxy)titanium dichloride, diphenyimethy1ene<tetrameth^ 
methyl-2-phenaxy)titanium dichloride, diphenylmethyleneftetraniethyl 
phenaxy)titanium dichloride. dipheny1methylene(tetram^ 

nium dichloride. diphenylmefthylene(tetramethyl cfichlorid , 

di^eny»methylene(trimethyl8^ dichloride. diphenylmethyl. 

ene(trimethyteilyk^ dichloride. diphenytmethylene(trime^ 

clopentadienyO(3-tert-butyl-5-fT^ dichloride, diphenylmethylene(trimethyl8ilylcy~ 

clopentadienyl)<3-phenyl-2-phenQxy^^ dichloride, diphenylmethylene(trimetf^ 

butytdimethylsilyl-5-me^^ dichloride, diphanyi methy1ene{trimethyl84ly1cydopentad - 

roethylsiiyl-5-methyl^^ dichloride, diphenylrrothyleneftrirnetty^ 

methaxy-2-phenoxy)trtaaiLCTi dichloride, diphenylmethylene(trimethy«silylcydo^ 
noxy)titanium dichloride, 

diphenylmethytene(fluoreny^ dichloride, diphenylmethylene(riuorenyl)(3-tert- 

butyl-2-phenoxy)titanium dichloride. dipheny1methylene(fluoreny1)(3-ter^^^ dichloride, 
dipheny»methytene{fluorenylX^ dichloride, diphenylmethylene(f luorenyl)(3-tert-butyldimeth- 

yteilyl^methyl-2-phenoxy^^ cfichloride, diphenylmethyleneflluoreny^ 

nium dichloride, d^enylnr)ethytene(fluoreny^ dichloride and 

diphertf roethylene(fiiw^ dichloride; compounds resulting from changing 

the "titanium" in the above-mentioned compounds to zirconium or hafnium, compounds resulting from changing the 
"chloride* in the above-mentioned compounds to bromide, iodide, diethylamide, diethylamide, n-butooride or isopro- 
poxide. compounds resulting from changing the "(cydopentadienyf)" in the above-mentioned conpounds to (drmethyl- 
cydopentadienyO. (trimethyk^clopentadieny^ (n-butylcydopentadienyl), (tert-butyldimethylsifykvdopentadienyl) r 
(indenyO; compounds resulting from changing the ^.S-dimethyt-a-phenoxy" in the above-mentioned compounds to 2- 
phenoxy, 3-methyl-2-phenoKy. 3,S<fi-tert-birtyl-2-phenoxy. 3-phenyl-5Hnethy1-2-phenoxy, 3-tert-butyWimethy1sily1-2. 
phenacy or 3-trimethyteilyl-2-phenaxy and compounds resulting from changing the -methylene- in the above-mentioned 
compounds to diethytmethytene; and transition metal complexes wherein B in the formula (1) is an atom of the group 
14 of the periodic table of elements other than caitoon atom, such as 

dmethyteflyi(<^opentadiw dichloride, dimethylsilyl(cyctopentadienyl)(3-methy^ 

noxy)ttanium dk*^ dichloride, dimethylsi- 

lyf<cydopentadieriyl)(3-t^^ dichloride, dimethylsilyKcycloperrtad^^ 

phenoxy)titanium dichloride, dirnethyteily1(<*dopen^ dimethy1si< 
lyl<cydopentadieny1)<5-meth^ dichloride, cfimethyteilyt(cyclopertadi^ 

imethylsrlyl-5-met^ dichloride. dimethylsilyl(cyctopentacfieny0(5-methyt-3^ 

phenoxy>titanium dichloride, dimethylsily1(cyclopentadienyl)(3-tert4xj^ dichloride 
dimethylsilyKcyclopentadie^ dichloride, dimethyisi»yi(cycloperTtadienyn(3 5- 

diamy»-2-phenoxy)titanium dichloride. 

dimethytsilyl(methyk^^ cfichloride, dimethyteilyKmethylcydopentadienyl)(3- 

methyi-2i*enaxy)titanium dichloride. dimethylsilyl(methylcydope^ dichio. 
ride, dimethylsiry!(rnethyk^ dichloride, dimethytsily1(methytcydoperrtadi> 

eny0(3-tert-butyl-5-methyl-2-phenax^ dichloride, dimethylsilyffmethylcyctopentaa 

phenoxy)titanium dichloride. dimethyteilyl(methylcyclopentadieny1)(5-methy»-3^ dichloride 
dimethylsilyl(methyteydopentadienyl)^ dichloride. dimethytsi- 

lyl(methykqrclopen^ dichloride, dimethyl&j|yt(methytcydopentadi- 

enyl)(3-tert-butyl-5^methoxy-2-phenoxy)trtanium dicWorfce, dimethylsnyl(metty^ 
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2-phenoxy)titanium dichloride. dimethyteilyl(methyicyck^ dichloride, 

dimethylsilyl(n-butylcyckv^ dichloride, dimethylsjly1(n-butyicydopentadienyl)(3- 

methyl-2-pherKwy)titanium dichloride, dimethytsi!yKn4xjtyk^dopem^ dichlo- 
rid . dimethytaWn-butyk^ctoperrt^ dichloride. dimethylsilyKn-butyteyctopenta- 

dienyl)<3-teit4xityl^4ne^ dichloride. dimethyteilyl(n4xrtylcyck)pentad^ 

phenaxy)titanium dichloride. dimethyteilyl(n-butylcyctopen^^ dichloride. 
dimethylsilyl(n-butylcyclopentadie^ dichloride. dimethylsttyl(n- 

butylcyctopentadkiriyt)(5-met^ dichloride. dimethyteilyl(n-butylcydopentadi- 

en>M3-tert4xityl-5-methaxy^ dichloride, dimethyteilyl(n4>utytaydope^ 

2-phenoxy)titanium dichloride. dinr^ylsilyl(n-butyk^lcpent^ dichloride. 

dimethyteilyl(terH>utylcy^^ dichloride. dimelhylsilyl(ter1-butylcyclopentadi- 

enyQ(3-methyl-2i>henQxy)titanjum dichloride. dimethyfdly1(tert-butyk^c^ 

dichloride. dimethytsilyl(tert-butylcyck^ phenoxy)titanium dichtoride. dimethylsilyl(tert-butyl- 

cyctopentacieny[K3'tert^utyl-5-memy dichloride, dimethylsilyl(terl-butylcyclopentadienyl)(3,5-di- 

lei14xrtyl-2-phOTOxy)trtanium dichloride. dimethyteHyl(tert-butylcyd 

nium dichloride. dimethylsilyl(tert-butylcyckv dichlo- 
ride. dimethytsityKtert-txity^ dichloride. dimethylsi1yl(tert- 
buty»<^dopentadienyl)(3-tert-b^ dichloride. dimethylsily1(tert-butylcyclopentadi- 
enyl) (3-tert -butyl-5-chloro-2-phenoxy)t itanium dichloride. dimethyldlyl(tert-butyk^dope^ 
noxy)titanium dichloride. 

dimethyteilyl(tetramethy^ dichtoride. dimethylsi!yl(t^ramethyfcydopentadi- 

eny0(3-methyl-2-phenoxy)titanium dichloride. dimethy!sily1(tetramethyta^ 

nium dichloride, dimethylsilyl(tetrametty dichloride, dimethyl- 

sflyl(tetramethyteydoperitadieny^^ dichloride, dimethylsilyl(tetramethylcy- 

dopentacNenyO(3,5<ii-tert-b^ dichloride, dmethylsilyl(tetramethylc^ 

phenyl-2-phenoxy)titanium dichloride, dimeth>rtalyt(tetramethylcydc^ si1yl-5-methyl-2- 
phenoxy)titanium dichloride. dirrarthytsilyHtetramethylcydo 

dichloride. dimethytsily1(tetramethylcyclo^ dichloride. dimethylsi- 

iy1{tetramethyfcydopen^enyl)(3-t dichloride, dimethylsilyl(tetramethylcyclopen- 

tadieny0(3,5<fian^-2i>herrav)titanium dichloride, 

dimethytsily1(trimethytsiW dichtoride. dimethylsilyl(trimethytsilylcycloperTta- 

dienyl)(3-methyl-2 -ph enaxyjtitanium cfichloride. dimetrvlsilyl(trimeth^ 

noxy)tilanium dichloride. dimethyl6ilyl(trimethylsilyicyclop dichloride. 
dimethy1sily1(trimethylsilyta^^ dicNoride, dimethylsilyl(trimethy1- 

6ily1cyctoperitadieny0(3,5^i-tert-b^ dichloride. dimethyl6ilyl(trimethylsilylcydopentadienyl)(5- 

methyt-3-phenyt-2-pheraxy)titanium dichloride. dimethylsily»(trimethylsilyl^ 
methyl-2-phenoxy)titanium dichloride, cfimethyteilyKtrimethyte^cyclopentad 

noxy)titanium dichloride, dimethyfsfly1(trimethytsilyt^^ dicNo- 
ride, dimethyteilyKtrimethytsyyl^ dichloride, dimethyl- 
silyl(trimethyteily»cyclopentadieny0(3 dichloride, 

dimethyteil^pndenyO(2-pterK^^ dichloride, dimethyl sily1(indenyl)(3-methyl-2-phenoxy)trtariium dichlo- 

ride. dimethyteilyl0ndeny0{3.5KJimethyl-2i^ dichloride, cfimethyteilylfrndenyl)(3-tert-butyl-2-phe- 

noxy)tttanium dichloride, dimeihylsilyl(indenyl)(3-tert4xjtyf-5-met^ dichloride, dimethyl- 

silylCinderTyO(3 t 5<li-tei1-butyl-2^erK)Ky)^ium dichloride, dimethylsilyl0ixlenyO(5-r^^ 

nium dichloride. dtmethyfsilyl(indenyO(3-tertJ dichloride. dimethylsi- 

fyl(indeny0(5-methyl-3-trimetr^ dichloride, dimethylsUyl(irrieny1)(3-tert*lx^ 

phenoocy)titanium dichloride. (fimethytsilyl(irxJenyO(3-tert-butyl-5-chlor^ dichloride, dimethylsi- 

ly<0rdef^(3,5^iamyl-2-phenoxy)titanium dichloride, 

dimethylsnyl(fluoreny0(2-phenoxy)tite^ dichloride. cfimethylsilyl(fluoreny9(3-m 
dichloride, dimethyteilyl(riuoreny0(3 t ^^ dichloride. cfimethylsiJyi(fluorenyl)(3-tert-butyl-2- 

phenaxy)tnanium cfichloride, dimethy«silyl(1luoreny0(3-tert^utyl-^ dichloride, dimethylei- 

ly1(fluorenyO(3,Mi-teii-buty1-2-phenoxy)titanium dichloride. dimethyteilyl(fluQrenyO(5-met^^ 
nium dichloride, dimethyteHyl(fluoreriyO(3-te^ dichloride, dimethyl- 

silyl(fluoreny0(5-methyl-3-trime^ dichloride, dimethylsilyl(fluoreny1)(3-tert^ 

phenoxy)lrtanium dichloride. dimettysilyKfluorenyl)(M dichloride, dimethylsi- 

lyt(fluorenyO(3.5Kiiamyl^2-pherioxy)tKanium dichloride and dimethyteilylftetramett^ -naphthoxy-2- 
yOtrtarMum dichtoride: and compounds resulting from changing, in the above-mentioned compounds, "(cydopentadi- 
enyir to (dimethylcyclopentadienyl). (trrmethylcyclopentadienyl), (ethylcyclopentadienyl), (n-propylcyctopentadienyl), 
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(isopropylcyctopentadienyt), (sec^butylcydopen^ fcobutylcyctopemadienyO, (tert-lxitykfimethylsilylcyclopen- 
tadienyf), (phenytcydopentadienyl), (rnethytindenyl) or (phenyl indenyi), compounds resulting from changing, in the 
above-mentioned compounds, "2-phenoxy" t 3-phenyl-2-phenoxy. 3-trimethylsily1-2-phenoxy or 3-tert-butyWimethytei- 
lyl-2-phenoxy, conrpounds resulting from changing, in the above-mentioned compounds, "dimethyteflyT to cfiethyteilyl, 
dphenyteilyi or dimethoxysilyf, compounds resulting from changing, in th above-mentioned compounds; "titanium" to 
zirconium or hafnium, and compounds resulting from changing, in the above-mentioned compounds, "chloride" to bro- 
mide, iodide, diethylamide, diethylamide, n-butooride or isopropoodde. 

The compound [1] can be prepared by a process comprising the foHowing 3 steps or 4 steps using as the starting 
material a halogenated aryl compound represented by the formula (10) (hereinafter referred to as compound [10D: 



Y 4 H 

I 

A 

(10) 

R 1 



wherein Y 4 is a halogen atom, and R\ R 2 , R 3 and R 4 are respectively the same as defined dbove. 




10 



EP 0 842 939 A1 



10 



15 



20 



25 



[Step 2] 



30 



35 



40 



45 



50 



(Step 1] 
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[Step 6] 



[step 5] : 



M*Cp a (6) 



;:b (8j 

R L 

Y 3 



[Step 3] 




(2) 



X 1 



(3) 




(D 



55 



The halogen atom represented as the substrtuent Y 4 in the compound [10] may be, for example, a chlorine atom. 

bromine atom and iodine atom. 

Exarrples of the conpound [10] include 2-bromophenol. 2-bromo-6-methylphenol. 2-bromo-4,6-dimethylphenol, 2- 
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bromo-6-tert4xity(phenol, 2-bromo-6-tert'butyt-4-methytphenol. 2-bromo-4,6-di-tert-butylph8nol ( 2-bromo-6-trimethyls- 
ilylphenol. 2^omo^-nr^y1^tiimelhytsily^heno<. 24womo-6-tert-butylcfimethytei^henoi i 2-brorno-6-tert-buty1d- 
imethyteilyM-methytphenol, 2-bromo-6-phenyfphenol, 2^romo-4H7iethyl-6-phenylpheno<. 4,6«diamyl-2*bromophenol, 
2-bronx>^-tert-butyl-4-methoxyphenol r 2^orno-6-tert-butyl-4^lorophend. and compounds resulting from changing, 
in the respective compounds described above, "bromo" to chloro or kxJa 
The respective process steps are descrfoed in detail below. 

[Step 3] 

The step of producing the compound [1] by reacting a substituted cydopentadienyl compound (hereinafter referred 
to as compound [2D represented by the formula (2) 




(2) 



wherein Cp 2 is a group having a cyctopentadiene skeleton. R 7 is a hydrocarbon group optionally substituted with at 
least one halogen atom or a tri-substituted silyl group, and A, B, R 1 . R 2 . R 3 , R 4 . R 6 and R 6 are respectively the same 
as defined above, with a base, and then reacting the resulting reaction product with a transition metal compound rep- 
resented by the formula (3) (hereinafter referred to as compound (30 




wherein X and X 4 are each independently a hydrogen atom, a halogen atom, or a C v C^o alkyl group, aralkyi group, 
aryl group, substituted silyl group, alkoxy group, aralkyloxy group or aryfoxy group each optionally substituted with at 
least one halogen atom, or Cg-C^, di-substituted amino group; M 1 , X 1 and X 2 are respectively the same as defined 
above. 

The group having a cyctopentadiene skeleton represented by the substttuerrt Cp 2 in the compound [2] may be, for 
example, cydopentadienyl group, methylcyclopentadienyl group, dimethylcydopentadienyl group, Uimethytcyctopenta- 
dieriyl group, tetramethytcydopei^ 

pylcydopentadrenyl group, n-butylcyctopentadienyl croup, sec-butylcyclopentadienyl group, tert-butytcy dopentacfi enyl 
group, rvpentylcydopentadienyl group, neopentylcyclopentadienyf group, n-hexytcyclopentadienyl group, n-octylcy- 
clopentadienyl group, phenyteyclopentadienyl group, naphthyfcydopentadieny^ group, trirnethylsilyk^clopentadienyl 
group, triethylsilyicydoperttadienyl group, tert-butyldirnethyteflv^ group, indenyl group, methyiindenyl 

group, di methyiindenyl group, ethylindenyl groip, n-propyltndenyj group, isoprcpylindenyl group, n-butylindenyl group, 
sec-butylindenyt group, tert-butylindenyl group, n-pentyUndenyl group, neopentylindenyl group, n-haxytindenyl group, n- 
octytindenyf group, n-decylindenyl group, phenylindenyf group, methylphenylindenyl group; naphthylindenyl group, tri- 
methyfsilylindenyl group. triethytsilyKndenyl group, tert^utyldimethylsilylirKlenyl group, tetrahydroindenyl group, fluore- 
nyl group, methylfluorenyl group, dimethytt luorenyt group, ethylf luorenyl grotp, cfiethytf luorenyl group, n-propyffluorenyl 
group, di-n-propyffluorenyl group, isopropytf luorenyl group, diisopropylfluorenyl group, n-butytfluorenyl group, sec- 
butylf luorenyl group, tert-butylf luorenyl group, di-n-butylf luorenyl group, di-sec-buty»f luorenyl group, dt-tert-butytftuorenyf 
group, n-pentytfluorenyl group, necpenty If luorenyl group, n-hexytfluorenyl group, n-octytf luorenyl group, rndecylfluore- 
nyl group, n-dodecyif luorenyl group, phenyl! luorenyl group, diphenytftuorenyl group, rnethytphenyff luorenyl grotp, naph- 
thylfluorenyl group, tri-methylsilylfluorenyl group, bis-trimethyteilytlluorenyl group, triethyteilytfluorenyt group and tert- 
butyldimethylsilyff^ group, preferred of these being th cydopentadienyl group, methylcyclopentadienyl group, 
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tert-butylcyckopentadiertyl group, tetramethyk^lopentadienyl group, f luorertyl group, indenyl group, etc. 

The hydrocarbon group denoted a& the substituent R 7 may be, for exampl . an alkyl group with the number of car- 
bon atoms of 1-10, such as the methyl group, ethyl group, propyl group, hexyl group and decyl group, an alkenyl group 
with the number of carbon atoms of 2-10, such as the vinyl group, altyl group, propenyl group. 2-methyl-2-propenyl 
group. homoaJlyt group, hexenyl group and decenyl group, an alkoxyalkyl group, such as the methoxymethyl group and 
methaxyethoxymethyf group, and an aralkyl group with the number of carbon atoms of 7-12. such as the benzyl group. 
(4-methyfphenyO methyl group and (2.4.6-trknethy1phenyl)methyl group. These hydrocarbon groups may each option- 
ally be substituted with at least one halogen atom. Examples of the hydrocarbon group substituted with a halogen atom 
include the 2-chloro-2-propenyi group. The trisubstrtuted silyi group may be, for example, the trimethyteilyl group, tri- 
ethyteilyl group, tri-n-propytsHyt group, triisopropylsilyl group, tri-n-butylsilyf group, tri-sec-butyteilyl group, tri-tert-butyte- 
iryl group, triisobutytstfyl groip, tert-butyl-dimethylsilyl group tri-n-pentylsilyl group, tri-n-hexylsilyl group. 
trtcydohexytsHyl group and triphenylsilyl group. Among these substituerrts R 7 , an alkenyl group, particularly the alryl 
group, is preferred because it can give the compound [1) with a good yield. 

Such compounds [2] include a substituted cyctopentadienyl compound represented by the formula (2a) (hereinafter 
referred to as compound [2a]): 




wherein Cp 2 . A, R 1 , R 2 . R 3 . R 4 . R 5 . R 6 and R 7 are respectively the same as defined above, for example, 2-((cyclopenta- 
1 ,4-dienyl)methyf]-1 -methaxybenzene. 2-[(cyclopenta-1.4-dleny1)methy0^^ 2-tert-butyl- 
6-[(cyclopenta-1 ,4-dienyOrnethyTJ-l ^ethaxy-4-methytt>en2ene, 6-[(cyctopenta-1 ,4-diertyl)methyf}- 1 -methoxy-2-phenyi - 
benzene. 1 -tert*utyWlmethylsflyl-3-[(cycloper^ ,4-dieny0methyQ-2-meth^ 3-C(cyclopenta- 1 ,4- 

dienyi)methyfl-2-metrK>xy-^ 2-tert-butyl-6-{(cydopenta-1 ,4-dieny1)methyrj-1 ,4-dimeth- 

oxybenzene, 3-tert-butyM -chloro-5-t(cyc»opaita-1 ^-cfienyOmethylH-metrwxybenzene, 2-tert-butyl-6-I(cyctopenta- 

1 ,4-dieny0methyQ-1 -methoxybenzene, 

2-{1-(cyckperta-1 ,4-dieny0-1 -methyl -ethyf]-1-methoxyben2ene. 2-{1-(cycloperta-1,4^ienyO-lHTiethylethyll-1- 
metiioxy^.e-dimethylberttene. 6-tert-butyl-24Hcyctoper^^ methylbenzene. 
6-[1 -(cycJopenta-1 ,4-dienyl)-1-methylethyi]-1 -meth^-2-phenylbenzene, 1-tert-butyWimethylsW 
dienyl)-1-methy1-ethyfh2-methoxy-5-metr^ a-p-tcyckperita-l^ienylH-m 

1-trimethylsilyibenzene, 6-tert4>utyl-24Hcyctope^ 5-tert-butyM- 
chloro-3-I1 -(cyclopenta-1 ,4-dieny0-1 -nrWiyl-etl^-4-methoxybenzene, 6-tert-butyl-2-[1-(cyclopenta-1 ,4-cfienyl)-1 - 

methy1ethyl]-1 -methoxybenzene, 

1 -methoxy-2-{1 K4Hfnethyt-cyclopenta-1 .4-dienyl)-1 -mettiyfl-ethyQbenzene, 1 -rr»ethoxy-4.6<limethy1-2-[i -<4- 
methyl -cyclopertta-1 ,4-dienyQ- 1 -methyl-ethyffbenzene, 6-tert-butyM -methoxy-4-methyl-2-[1 -(4-methylcyclopenta-1 .4- 
dien>^-1-methy1-ethyfjberuene. 1 -methoxy-6-{1 -(4-me1hyf-cyclopenta-1 ,4-cfienyl)-1 -methyj-ethyq-2-phenyfbenzene, 1- 
tert-butykJimethylsIlyl^ -(4-methyf-cyclopenta-1 ,4-cKenyi)-1 -methylethyflbenzene. 2-methoxy-5- 

methyl-3-{1 -(4-rnethylcyekperita-1 ,4-dlenyl)-1 -methyl-ethyf]-1 -trimethytsilylbBnzene, 6-tert-butyM ,4-dimethoxy-2-[1 - 
(4-methy«cyclopenta-1 ,4-dienyf)-1 -mefthy«-ethyl]benzene. 5-tert-buty1-1 -chloro-4-methoxy-3-[1 -(4-methyl-cycloperita- 
1 ,4-dien^-1-methyl-ethyV>enzene, 6^ert4^-1-methoxy-2-{1-(4-methyt-^ 

zene, 24 1 (4-tert-lxrtyl-c*ctopenta- 1 ,4-dienyl)- 1 -methyl-ethyl]- 1 -methoxybenzene. 2-{1-(4-tert-butyl-cyc«openta-l .4- 
dienyf)- 1 -methyl-ethyQ-l -methoxy-4 t 6- dimethyibenzene. 6-tert-butyl-2-[1 -(4-tert-butyt-cydopenta-1 ,4-dienyl)-1 -methyl- 
ethyf]-1 -methoxy-4-methyteenzene, 6-{1 -(4-tert-butyl-cyclopenta-1 .4-dienyl)-1 -methyt-ethyf]-1 -methoxy-2-phenylben- 

zene. 1 -tert*utyl<limeth^sW^ • 3_ 

[1 -(4-tert-butyl-cydcpenta-l ,4KJien^-1-methy1-etiTyfh2-rr»etrwxy -trimethyteilylbenzene, 6-tert-butyl-2-[l -<4- 

tert-butyl-cyclopenta-1 ,4-dienyOO -methyl-ethyfj-l ,4Kl*methoxybenzene. 5-tert-butyl-1 -ch!oro-3-[1 -{4-tert-butyl- 

cycfopenta-1 ,4-cfienyl)-1 -methy»-ethyQ-4-metrKwybenzene, 6-tert-butyl-2-{1 -(4-tert-butyl-cydopenta-l ( 4-dieny1)-l - 
methyl-ethyf]-1 -methoxybenzene, 
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1 -methoxy-2-[1 -(2 r 3.4,5-tetramethyl-cyctopenta-1 ,4-dienyl)-1 -methyl-ethyljbenzene. 1 -mtf haxy-4,6-dfmethyl-2 - 
[1 -(2,3 A5-tetramethyJ-cydopenta-1 ,4-dienyi)-1 -methyl-ethyljbenzene. 6-tert-butyM -methaxy-4-methyl-2-[l -(2.3,4,5- 
tetramethyl-cydopenta-1 .4-dienyl)-1 -methyl-ethyfjbenzene, 1 -methc*y-2-pbeny1-6-{1 -(2,3.4>tetraniethy1-cyclopenta- 
1 .4-dienyf)-l -methyl-ethyljbenzene, 1-tert-butyldimethylsily1-2-meth^ 

1 ,4-cfienyO- 1 -nrethylethyljbenzene, 2H*ethaxy-5HTiethyl-341^ ,4-dienyl)-l -methyl - 

ethyQ-1 -trimethyJsilytberuene. 6-tert-butyM .4Hjimethoxy-2-{1 -(2,3,4>tetrarnethyf^ctopente ,4-dlenyf)-1 -methyle- 
thyljbenzene, 5-tert-butyl-1 -chk>ro-4HT*ethoxy-3-[1 ^2.3 A5-tetramethyt-cyctopenta-1 ,4-dienyf)-1 -methyl ethyQbenzene, 
6-tert-butyl- 1 -methoxy-2-{1 -(2,3.4,5-tetramethylK^clopenta-l .4-dienyQ-1 -methyl-ethyljbenzene. 

1 -methoxy-2-[1 -<3-trimethyteilyt-cyck)penta-1 ,4<iienyl)-1 ^nethy^ethyJJbenzene, 1 -methoxy-4,6<limethyl-2-[1 -(3- 
trimethylsayl<ydopenta-1,4-cfieny0'1 -methyl-ethynbenzene. 6-tert-butyM -methoxy-4-methyl-2-[1 K3-trimethytsity1- 
cydopentaO ^Ktiem/O-lHTiethyfethylJbenzene. 1^etboxy-2-pbenyl-6-{1-(3-triri^^ 

methyl-ethyljbenzene, 1^ert-butyWimethy1sjlyt-2-r^ . 
methyi-ethyljbenzene. 2-methoxy-S-methy|.1-trimethyto 

ethyljbenzene, 6-tert-butyM ,4<fimethoxy-2-[1 K3-trimethyte«y«-cydopenta-1 ,4<lienyO-1 -methyl-ethylJbenzOTe, 5-tert- 
butyl-1 -chloro-4-methoxy-3-[1 -(3-trimethylsilyl-cyck>penta-1 .4-dienyl)-1 -methyl-ethyljbenzene. 6-tert-butyM -methoxy- 
2-[1 -(3-trimethyisilyf-cydopenta- 1 ,4-cfi enyQ-1-methytethyl]benzene, 

2-[1 -(cydopenta-1 ,4<fieny1)-1 -ethyl^xopylJ-1 -methoxybenzene, 2-[1 -(cyctopenta-1 ,4-dienyl)-1 -ethyfpropyf]-1 - 
rrwthaxy-4.6-diiriethylbenzene, 6-tert-buty1-2-{1 -(cydopenta-1 ,4-dienyf)-1 -etl^-prop^ 

6-[1 -{cydopenta- 1 ,4<Jienyl)-1 -ethylpropylj- 1 -methaxy-2-phenylbenzene, l-tert4xjtyk*rrothy«sily<-3-[1-{cyclopenta-1 ,4- 
dienyl)-1-ethyl-propyll-2- methaxy-5-methytbenzene . 3-[1 -(cydopenta-1 ,4-dienyl)- 1 ^thyliXopyl]-2-methoxy-5-methyl - 
1 -trimethylsilylbenzene. 6-terR>utyl-2-[1 -(cydopenta-1 ,4<ljeny<)-1 -ethy!propyl]-1 ,4-<fimethoxybenzene t 5-tert-butyM - 
chlon>3-[1 -(cydopenta-1 ,4-dienyl)-1 -ethyl-propyO^-methoxybenzene, 6-tert-butyl-2-[1 -(cydopenta- 1 .4-dienyl)- 1 - 
ethytpropyl]-1 -methoxybenzene, 

2-[1 - (cydopenta- 1 ,4-o5enyl)-1 ,1 KfiphenylmethyfJ- 1 -methoxybenzene, 2-[1 -(cydopenta- 1,4-dienyQ-l ,1-diphenyl- 
methylJO-methoxy^^Klimethyfbenzene, 6-tert-butyl-2-[1 -(cyclopenta-1 ,4-dienyf)-1 ,1-diphenylrnethyg-1 -methoxy-4- 
methylbenzene, 2-[1-(c^dcpenta-1.4-dienyf)-^^ 1-tert-txjtyWimethylsi- 
lyf-3-[1 -(cyctopenta-1 ,4-dienyl)-1 . 1 ^iphenylmethyG-2-methoxy-5-methyibenzene. 3-I(cydopenta-1 ,4-dienyl)-l ,1 -diphe- 
nylmethyn-2-methoxy-5-methyl-1-trimethylsilylbenzene. 6-tert-butyl-2-[(cyclopenta-1 ( 4-dienyl)-l ,lKiiphenylmethyf]-l.4- 
dimethoxybenzene. 5-tert-butyl- 1 -chloro-3-[(cyclopenta- 1 ,4-dienyl)- 1 , 1 -diphenylmethyl]-4-methoxyt>enzene, 6-tert- 
butyl-2-[(cyctopenta-1 ,4-dienyl)~1 ,1 -diphenylmethyl]-1 -methoxybenzene. 

1 -allylaxy-2-{(cydopenta-1 ,4-dienyQmethylJbenzene. 1 -allytaxy-2-[(cydopenta-1 t 4<lieny1)methyt]-4.6-dirnethyl> 
benzene, 1 -aDylaxy-2-terl-butyl-64(cydopenta- 1 .4<Kenyt)m^hyq-4-methylbenzene, 1 -aHyloxy-6-[(cydopenta-1 ,4- 
dieny<)methyl]-2-phenylbenzene, 2-aDyioxy-l -tert-butyUimethylsilyl-3-{(c^^ 

zene. 2-allytoxy-3-[(cyctopenta-1 ,4-dieny0methyf]-5-methyl-1- trimethytsilyibenzene. 1-allyloxy-2-tert-butyl-6- 
[(cydopenta-1 ,4^ieny0methyQ-4-nnethoxybenzene t 4-aJlytaxy-3-t ert-butyl- 1 -ch!oro-5-[(cydopenta- 1 .4- 

dienyf)methyljbenzene. 1-allyloxy-2-tert-butyl-6*[(cyclopenta-1 .4<JienyJ)methyl]berizene, 

1 -aJlytaxy-2-[1 -(cydopenta-1 ,4-dienyl)- 1 -methyl-ethyljbenzene, 1 -allytoxy-2-[1 -(cydopenta- 1,4-dienyO- 1 -methyl- 
ethyl]-4 t 6<limethytbenzene t 1 -aJJy1oxy-6-tert-butyi-2-{1 -(cyclopenta-1 ,4-dienyi)-1 -fne^emytJ-4-rnethytoenzene, 1 - 
a!lylo*y-6-[1 -(cyctopenta-1 ,4-den^ 2-ally!oxy- 1 -tert-butyk^methyl8ilyl-3-{1 - 

(cydopenta- 1 ,4-di enyf) - 1 -methyt-ethyq-5-methylbenzene v 2-allytoxy-3-[1 -(cydopenta- 1 . 4-dienyl)- 1 -methyl-ethyl]-5- 
methyl- 1 -trimethytsilyibenzene. 1 -a!lytaxy-6-tert-butyf-2-[1 -(cydopenta-1 .4-dienyl)- 1 -methyl-ethyO-4-methoxybenzen , 
4-allyloxy-5-terHxityM -ch!oro-3-[l -(cydopenta- 1 , 4-dienyl)- 1 -methyl-ethyljbenzene, 1 -allytaxy-6-tert-butyl-2-{1 - 

(cyctopenta-1 ,4-dieny1)-1 -methyl-ethytjbenzene, 

1 -allytoxy-2-[1 -(4-methyl-cydcpenta- 1 ,4-dienyt)-1 -methyl-ethyljbenzene. 1 -allytoxy-4 r 6-dimethyl-2-(l -(4-methyl- 
cydopenta-1 ,4-denyl)-1 -methyl-ethyljbenzene. l-aUytoxy-6-tert-txjt^m ,4-dienyl)-1 - 

methyl -ethyljbenzene, 1 -allyloxy-641 -(4-methyl-cydopwita-1 ,4<lienyl)-1 -meth^ethyf]-2«phenyft>enzene, 2-allyloxy-1- 
tert4xityWHrnethytedyl-5-rneth^ methyl-ethyljbenzene. 2-ayytoxy-5-methy1-3- 

[1 -(4-methyfcydopenta-1,4-dienyl)-1 -methyi-ethyj]-1 -trimethyteilytoenzene, 1-allytoxy-6-tert-butyl-4-methoxy-2-(1 -(4- 
methyl-cydopenta-1 ,4-dienyJ)-1 -methyl-ethyljbenzene, 4-aHytoxy-5-tert-butyl-1 <htoro-3-{1 -(4-methyl-cydopenta-1 ,4- 
dienyl)- 1 -methyl-ethytjbenzene, 1 -aUyk»y-6-tert-butyl-2-[1 (4-methyl-cydopenta-1 ,4-dienyl)-1 -methylethyljbenzene. 

1 -allylaxy-2-[1 -(4-tert-butyl-cyctopenta-1 ,4-dienyl)-l -methyi-ethyljbenzene. 1 -allyloxy-2-f 1 -(4-tert-butyU 

cydopenta-1 ,4-cfienyl)-1 -methyl-ethyl]^,6^inr>ethyib«izene. 1 -allytoxy-6-tert-buty1-2-{1 -(4-tert-bu^-cyctopenta-1 ,4- 
cfienyl)- 1 -methyl-ethyl}-4-nTathytt>enzene. 1 -allylaxy-6-[1 -(4-tert-butyl-cyclopenta-1 ,4-dienyQ-l -methyl -ethyQ-2-phenyl - 
benzene, 2-allyloxy-1 -tert-butykJ»nethyteily1-3-[1 -(4-tert-butyl-cyciopenta-1 ,4-dienyl)-1 -methyl-ethyQ-5-methytoenzene. 
2-allytaxy-3-I1-(4-tert-butyl-cyc«openta-1.4 1 -allyfoxy-6-tert- 

butyl-2-[1 -(4-tert-butyl -cydopenta-1 # 4-cfienyl)-1 -methy1-ett^-4HTiethQxybenzene. 4-allyloxy-5-tert-butyl-1 -chJoro-3-(1 - 
(4-tert-butyl-cydopenta- 1 ,4-dienyi)-1 -methyl-ethyljbenzene. 1 -aHyloxy-6-tert-butyl-2-[1 -(4-tert-butyl-cyctopenta-1 .4- 
dienyl)- 1 -methyl-ethyljbenzen , 
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1 -aJlylaxy-2-p -(2.3,4,5-tetramethyl-cyclopenta-l ,4-dienyl)-1 -methyl-ethyQbenzene. 1 -allylOKy-4.6-dtmethyt-2-[1 - 
(2 P 3.4 ( 5-tetramethyl-cyclopenta-1 ,4-dienyl)-l -methyi-ethyQbenzene, 1 ^llytoxy^-tert-toutyl^methyl-2-ll -(2.3.4,5- 
tetramethyl- cydopenta-1, 4-dienyl)-l-meth^^ 1 -allyloxy-2-pheny<-6-{1 -(2,3.4, 5-tetramethyl-cyclopenta- 

1 ,4-dienylH -methyi-ethyQbenzene, 2-allykucy- 1 -tert-birtyldimethyksilyl-5-m 

1 ,4-dienyl)-1 -methyi-ethyQbenzene. 2-allytaxy-5-methyW-{1-(^^ ( 4-denyl)-1-methyl- 
ethyQ-1 -trimethyteilytoenzene. 1 ^Hyloxy^-tert-butyl-4HrnethQ)cy-2-[1 -(2,3,4>tetra-methyl-cyclopefita-1 ,4-dienyl)- 1 - 
methyi-ethyQbenzene, 4-altytoxy-5-tert-butyl - 1 -chloro-3-{1 ^2.3.4,5-tetramethyl -cydopenta-1 ,4-dienyl)-1 -methyl- 

ethyQbenzene, 1-ally!oxy^tert-buty-2-[1-^ ,4-dienyl)-1 -methyl-ethyljbenzene, 

1 -allylaxy-2-{1 -(34rimethyt8ilyl-cyc(openta-1 ,4-d»enyl)-1 -methyi-ethyQbenzene, 1 -allyloxy-4.6-dimethy1-2-[1 -{3- 
trimethytsU^H^^enta-l ,4-dienyl)-l -methyi-ethyQbenzene, 1 -aJlylQxy-6-tert-btrtyi-4-friethyl-2H1 -(3-trimethyteilyl- 
cyclopenta-1 ,4-<fienyl)-1 -methyt-ethyQbenzene. 1 -alty1oxy-2-phenyl-6-[ 1 ^3-trimethy«silyl-cyclcpenta-1 ,4-dienyl)- 1- 
methy)-ethyf]benzene. 2-atly1axy-1 -tert-butyWrmethylsilyl-5-methyl-3-[1 -(3-trimethytei»yi-cydoperrta-1 ,4-dienyl)- 1- 
methyl-ethyQbenzene, 2-aHytaxy-5-methyl-1-trir^ 

ethyf]benzene, 1 -allytoxy-6-tert-butyl-4-methoxy-2-[1 -(3-trimethyisilyl-cyclopenta-l ,4-dienyO-1 -methyl-ethyl Jbenzene, 
4-a)Lytaxy-5-tert-butyM -chloro-3-[1 -(3-trimelhylsMyl-cyctopenta-1 ,4-<fienyi)-1 -methyl -ethyl] benzene. 1 -aIlyk>xy-6-tert- 
butyl-2-[l -(3-trimethyteHyl-cydopenta-1 ,4-cfienyl)-1 -methyi-ethyQbenzene. 

1 -aHyiaxy-2-[1 -(cydopenta-1 ,4-dienyl)-1 -ethyl-propyQbenzene. 1 -ally1oxy-2-[1 -(cyclopenta-1 ,4-dienyl) -1 -elhyf- 
propyfl]-4,6-dimethyft>enzene, 1 -allyloxy-6-tert-butyl-2-[1 H[cycJapenta-1 ,4-dienyi)-1 -ethyl-propyQ-4-methytoenzene. 1 - 
allytoxy-6-[1 -(cydopenta- 1 ,4-dienyl)-l -ethyH3ropyl]-2-phenylberi2ene l 2-allyk>xy-1 -tert-butyk*methy»sily1-3-[1 - 

(cydopenta- 1 ,4<fieny()-1 -ethyt-propyl]-5-methytbenzene, 2-allytoxy-3-{1 -(cydopenta-1 ,4-cfienyO-1^hyl-propyQ-5- 
methyl-1 -tiimethytsitylbenzene, 1 -allylaxy-6-tert-butyl-2-[1 -(cyclopenta-1 ,4-dienyl)-! -ethyl-propyO-4-methaxybenzene, 
4-al lytoxy-5-tert-butyl-1 -chloro-3-[1 -(cyctopenta-1 ,4-dienyl)- 1 -ethyl-propyQbenzene. 1 -allytaxy-6-tert-butyl-2-[1 - 

(cyclopenta-1 .4-dienyl)-1 -ethyl-propyQbenzene. 

1 -allylaxy-2-11 -(cydopenta-1 ,4-dienyl)-1 ,1-diphenylmethyflbenzene. 1 -allytaxy-2-[1 -(cydopenta-1 ,4-dienyf)-1 . 1 - 
dipheny!methyQ-4, 6-dimethylbenzene, 1 -ailyloxy-6-ter1-butyl-2-[1 -(cydopenta-1 ,4-cfienyl)-1 , 1 <fiphenylmethyl]-4-meth- 
yfoenzene. 1-aIrytaxy-2-{1 -(cydopenta-1 ,4^^ 2-allytaxy-l -tert-butyWimeth- 

yteHyl-3-[1 -(cydopenta-1 ,4-dienyl)-1, 1 <iiphenyirnethyQ-5-nrethy^ 2-allyloxy-3-[(cyc*op«rrta-1,4^dienyl)-1 .1- 

diphenylmethyQ-5-methyM -trimethyteiiylbenzene, 1-affytoxy^tert-butyl-2-[(cycloperto diphenylme- 
tM^methcxybenzene, 4-aHy^ ■ 1-ally- 

loxy-6-tert-butyl-2-[(cydopenta-1 ,4-dienyl)- 1 ,1-dlpheny1methyf^enzer>e; compounds resulting from changing, in th 
above-mentioned compounds, "methaxy" or "allytoxy" to ethoxy, benzytaxy, trimethyteilytoxy, tert-butykiimethyteilytaxy 
or methoxymethoxy. compounds resulting from changing "cydopenta-1 ,4-dienyl 1 * to dimethylcydopenta- 1 ,4-dienyl , tri- 
methylcydopenta-1 ,4-dienyl. n-butylcyclopenta-1 ,4-dienyl, tert-butytdimethytsilyky^^ indenyl or flu- 

orenyl, compounds resulting from changing "1-methoxybenzene" to 1 -rnethoxy-6-methylbenzene, 1-methoxy-4,6-di- 
tert-butyfoenzene. 1 -methoxy-4-methyl-6-pheny(benzeie. l-tert-butyWimethylsil^-2-methoxybenzene. or2-methoxy-i- 
trimethylsilylbenzene, and 

a substituted cyclopentadienyl compound represented by the formula (2b) (hereinafter referred to as compound 

{2b»: 




(2b) 



wherein B* is an element of the group 14 of the periodic table of elements other than carbon atom, and A, Cp 2 , R 1 » R 2 , 
R 3 , R 4 , R 5 , R 6 and R 7 are respectively the same as defined above, for example, (cydopenta-1 ,3-dienyl)(2-methoxyphe- 
ny!)dimethytsrtane, (cydopenta-1 ,3-dieny0(2-methoxy-3-methyf^^ (cydopenta-1 ,3-cfienyl)(2-meth- 

oxy-3.5-cfimethylpheny0dimethylstene, (3-tert-butyl-2-methoxypheny0(^ i^rXexV 
buty1-2-methoxy-5-methytphef^ ,3-dienyl)dimethyisilane. (3,5-di-tert-butyl-2-methoxyphe- 

nyl)(cyclopenta-1 , 3-dienyl)dimethylsilane , (cydopenta-1 ,3^ienyl)(2-methoxy-5-methy1-3-phenv^ 
(eydopentaO ,3<iienyO(2Mnethoxy-5^ 3-(tert-butyl-dimethylsHyi-2-meth- 
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o^-5-methy*phenyO(cyctopOTte-1 ,3-dienyl)dimethyteUane ( (3.5^amy»-2-rnethaxyphenyl)(cyclopenta-1 .3 - 
dieny»)drmethyfsiiane. (3-tert-buty»-2,5<limethoxyphenyO(cyctopente »3-dienyf)dimethyt8ilane. (MerHxityt-3-chloro-6- 
methaxyphenyO(cyctopenta- 1 ,3«iienyl)dimethytsilane, 

(2-methoxypheriyO(meth^^ (2-metbaxy^-methytphen^ 

s 1,3-dienyOdimethyteHane. (2Hnethoxy^,5«timethylphe^ (3-tert-butyl-2- 

mothaxyphaiyf )(methylcyd cpenia- 1 ,3-dienyQcfimethylsilane, (3-tert-butyl-2-methcKy-^^ 

ctopenta-1 ,3-dienyOdimethytsilane, (3.5^tert-butyl-2-methox^ (2. 

methoxy^methyW-phenylphenM 1 ,3-dienyf)dimettiyl8ilane, (2^nethoxy-5-memyl-3-trim6thytsilyl - 

phenyf)(methylcyclo penta-1 ,3-dienyt)c*methylsilane, (3-tert-butyWimethtf 
to dopenta-1 ,3^ienyI)cfimethyteiJane. (3.5<fiamy1-2-iT^oxy^ (3-tert- 

butyl-2,5^HT>ethoxyphenyt)(m©thylcyc^ 3^enyl)dimethyteiJane, (5-tert-butyW<Noro^-methoxy^ 

ytcyctopenta-1 ,3-dienyl)tf methylsilane, 

(2-methoxypbenyf)(2^ <2-methcxy-3-methylph - 

nyf)(2,3A5-tetramethy^ .SKfieny^dimothylsilane, (2-rTHSthoxy-3 ( 5<ime^ 

ts clopenta-1 ,3^ienyl)dimethyteilane. (3-tert4xJty»-2HiTetho«ypheny»)(i 

dienyl)dimethytsilane, (3-tert-butyJ-2^nethoxy^ 

lane, (3,54i-terttxityl-2-meth^ (2-methoxy-5- 
methyl-3i3henytph ,3-^enyOdimethyteilane. (2^ethoxy^-methyt-3-trimethylsilyl- 

pheny0(2,3,4.5-tetramethyl^ (3-tert-butykflmethylsU^ 
so nyl)(2.3 i 4 i 5-tetramethylcyctoponta-1 ,3«iieny0dimethyteilane, (3,5*diamyl-2Hnethc^ 

tetramethy»cyc»openta-1 ,3<lienyl)dirnethyJsilane. {3-tert4xrty«-2.5<lim6tho«yph^ ,3- 

dleny1)dimethy1fiilane, (5-tert-butyl-3K*toro-6-meth^ 

lane, 

(tert-butylcyctopenta^ (tert-butylcyclopenta-1 ,3-dienyl)(2-methoxy- 

25 3-methylphenyl)dimethylsilane r (tert^Dutyk^openta-^ (tert- 

butyk*clopenta-1.34te^ (tert-butytyck>penta-l ,3<lienyQ(3~t6H-butyl- 

2-nrethoxy-5-methytpheny^ (tert4xjtytcyck>pe^ 

yteilane, (tert*utyk^open^ (tert-butyk*clopenta- 
1 ,3^teny1)(2-methoxy-5-methyl-3-trimeth^ (tert^xrtyk^openta-1 3<lienylX3-tert4xrtyfd- 

30 imethyteilyl-2-iT^ (3.5<liamyl-2-methaxypher!^ ,3- 

dtenyQdtmethylsiJane, (tert4xjtyicyclopenta-^ (5-tert-buty1-3- 
chloro-6Hmethaxyph^ 

(2-roethaxypheny^^ (2^methoxy-3HT>ethytphenyO(trimethyl6j- 
lyteyclopenta-1 .3<tienyl)drmethyteilane, (2-fnethoxy^.5^imethytpher^ f 3-cfienyi)diinethylsi- 
55 «ane. <3-tert4xity^2<nethaxyp^^ (3-tert-butyl-2-rnethaxy-5- 
rr>ethyrphenyQ(trimethylaly^ 

(3.5^i-tert4xJtyl-2*methQKyphenyQ .3<iieny1)dimethyteilane, (2-methoxy-5-methyl-3- 

phenylphenyQ(1rimethy^ .3-dienyOdimethyisilane. (2-metha>cy-5-methyl-3-trimeth^ 

silylcyclopenta-1 ,3^dienyl)dimethylsilane. (3-terMautyWimethyfsifyl-^ 
40 1 .3-dienyl)dimethylsilane. (3,5<liarn^2-methoxyphen ,3-dienyt)dtmethylsilane, (3-tert- 

butyf -2 ,5-dimethoxyphenyf) (trimethylsi lytey ctopenta- 1 ,3<Jientf)dimethytsilane, (5-tert-buty<-3-chloro-6-methoxyphe- 
nyf)(trimethylsilylcydopenta-1 .S-dienyOctimethyteHane, 

(inden-1 -yi)(2-rr^thoxyphenyi)diJTiethyfsilane, (ircterh2-yt)(2-methoxyphen^ (inden-1 -yl)(2- 

methaxy^-methylpheriyOdi (inden-2-yO(2-methoxy^3-methytphenyl)dm (inden-1 -yl)(2-meth- 

45 oxy-3,5^methytphenyl^ (inden-2-y9(2-methoxy-3,5KJimethylph^ (3-tert-butyf-2- 

methaxyphenyl)(inden-1 -yl)dimethytsilane. (3-tert*^-2-nrathoxyphen^ (3-tert-butyl-2- 
n^hoxy-5-methytphenyf)(inden-1 -yOdimethyteilane, (3-tert-t*rty!-2nT»ethoxy-5- 

lane. (3,5KJi-tert4xjty«-2Hnethaxyphenyl)(indw-l -yOdimethyteilane, (3 , 5-df-ter1-butyl-2 -methoxyphenyl) (i nden-2 - 
yl)dimethytellane. (irxierb1-yQ(2-rnethaxy-5-rnethyfl-3^^ (inden-2-yt)(2-methoxy-5-methyl-3- 

so phenytphenyf)cfi methyteilane, (inden-1 -yf)(2-methoxy-5-met^ {snim-Z-^iZ' 
mettocy-5-nrethyl-3-trimetty^ (3-tert-butyWime^silyl-2-metho^ - 

yOdimethytsilane. (3*ert-buty«dimetr^ (3,5-cfiamyl-2-meth- 
oxyphenyl)(irden-1-y0dimethylsilane. (3,5*Jiamyl-2-rnethoxyph (3-tert-butyl-2,5- 
dimethoxyphenyijtinden-l-yljdimethyteilane, (3-tert-butyl-2,5<IbTietho^ (5-tert-butyl- 

55 3-chloro^-methoxyphenyO(HxJen-1 -yi)dimethylsilane, (5-tert-butyl-3^hk>f0^^ethax^^ - 
lane, 

(9H-fluoren-9-yO(2Hmethox^ (9H-fluoren-9-yO(2-metha^ 
(9H4luoren-9-yl)(2-metho^ (3-tert-butyl-2-nwthoxyphenyO(9H-fluor«i-9- 
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yOdimethyteilane, (34ert-butyl-2-methoxy-5H^ (3,5^li-tert-butyl-2Hmethoxy. 
phenyt)(9H>ftuoren-9*yO<fim6thytsilan6, (9H4luorerv9-yi)(2HTiethaxy-5-rn^^ (9H-flu- 
oren-9-yO(2-methoxy-5-me^ (3-tert^utyWjm©thylsilyl-2-methoxy-5- 
methylphenyl)(9H-fkioren-9-^»T>ethyl8jlane p (3,^ian^-2-mettaxyphenyl)(9H^ . (3-tert- 

butyl-2 ( 5<iimethGxyphenyO(9H-f (5-tert-bulyl-3^oro^rnethoxyphenyO(9H-fliJor n-9- 

yl)dimethytsilane, 

(2-allyk>xyphenyl)(cyclopenta-1 ,3-dienyl)dimethylsilane, (2-a!lyloxy-3-methytphenyO(cyctopenta ,3- 

dienyOdimethytsilane, (2-allyk>xy^,5HSmethylphenyW^ (2-allyloxy^-tert-butytphe- 
nyl)(cyck>penta-1 ^ienyOdimethyteilane. (2-a)tylaxy-3-tert4x]tyl^nr^^ 1 ,3-dienyl)dimethylsi- 

lane, (2^ylo>cy^ P 5^i4ertWytphenyl)(cyck)p6nta'1 ,3-cfienyOdi methyteilane. (2-allykay-5-methyl-3-pheny!- 
pher^)(cydopenta-1.3K£enyOdimethylsilane, (2-allytoxy^-methyf^-trimemyisi 

thyteilane, (2-allyloxy-34errtutyUiiT^^ (2-ally(cxy-3.5- 
diamytpheny0(cyctopenta-1 ,3-dieny1)c«methyisilane. (2^y1c^^-tert4xityl-5^ethCK^ ,3- 

dien>4)dimethylsilane. (6^lytaxy*terttHJtyW^Nort^ .3<Henyl)dimethylsiiane. 

(2-al]ytaxyphenMmethy1cyck>perrta-1 ,3Klienyl)dimethylsaane, (2-allyioxy<3-methylpher^(methyk^ 
1 ,3^ienyf)dimethylsilane, (2-ally1axy^,5<iimethy1pheny0(m^ (2-aIly»oxy-3- 
t^4>utytphenylXmettiylcydopenta-1 ,3<iieriyl)dimeitiy1siiane, (2-al»yloxy^-tert4xjtyi-5-n^^ 
ctopenta- 1 .d^itenyOdirnethyl&ilane, (2^yloxy-3.5«ii-tertfci^ (2- 
allytaxy-S-methyMiahenyiphenM^ dimethyteflane. (2^lyk>xy-5-methyl-3-trimethyteily1- 

phenyQ(methylcydopenta-1 ,3<Jienyl)dimethylsUane, (2-allytaxy-3-tert4xrtyWimeth^ 

clopenta-1 ( 3"dienyl)dimethytsilane ( (2-allyloxy-3.5^iainylphenyM ,3-dienyl)dimethyl6ilane, {2- 

allyk»y-3-tert4)irtyl-5^etfKW ,3Kfieny0dimethytertane, (6-allyloxy-5-tert-buty«-3-chloropho- 

nylKmethyteyclopenta-1 ,3-dienyf)dimethylsilane. 

(2-aIlytox^enyO(2,3 l 4,5-tetraniethylcyclopenta-1 .S-dienyl^methylsilane. (2-allyloxy-3-methy»phGnyO(2 > 3.4,5- 

tetramethylcydoperrta- 1 ,3-c*enyi)di methyteilane, (2^Hyta«y-3.5<timelhylphen^ .3- 
dienyljdimethytelane, (2*llytoxy^tert-buty1pheny^^ (2-ally- 
laxy^-tert4xityl-5-rTKrti^ ,3<l»enyl)dimethyteilane, (2-allytoxy-3.5<li-tert-buty!- 

phenyf)(2 t 3 r 4>tetramethylcyclop6nta-1 ,3<fienyl)dimethyteliane, (2^lyloxy-5-n^hyl-3^enylpheny0(2,3,4 > 5- 
tetramethylcy dopenta- 1 ,3-d eny l)dimethyteilan e. <2^tytaxy-5^ethyl-3-trimethyl^ 
dopente-1 ,3«iienyi)dimethyteilane, (2-aI»ylcxy^-tert-butyttimeth^ 

1.3<lienyl)dimeth^«lane t (2^lytaxy^ ( 5«iiamylpheriyD(23^^ ,3<fieny1)dime1hyl$ilane, (2- 

a!lyk>xy-3-tertHt>uty1-5^et^^ 

3^loropheny1)(2,3 > 4 1 5-tetramethy1cyck)penta-l ,3<tieny0dimethyteilane, (2^lytaxypheny0(tert-buty ,3- 
d>enyl)dimethylsilane, (2-allyloxy-3-methylpheny!)(tert-butyicyclopenta-1 .3-dienyl)cfimethyteilane. (2-allylaxy-3,5- 
dimett^ientfKtert-buty^ (2-a^c^^-t^4xrtylphenyl)(tert4xjty1cydopenta-1 .3- 

dienyi)dimethyl6ilana. (2-attytCKy-3-iert-butyl-5- (2-ally- 
ICDcy^,Wi-tert4xitytpheny0ft^ ,3<!ienyl)dmethylsilane, (2^llyloacy-5-methyl-3^erTylphefiyO(tert- 

butytcycJoperrta-1 ,3-dienyOdimethylsilane, (2^ly1axy-5-nrethyl-3-trimeth^^ 

dienyl)dimethylsilane, (2-allyl<^*-tert-butyWin^ 1 ,3-djenyt)dimethylsi- 

lane, (2^lytacy*.5«liamylphenylMtert-^^ (2-allylaxy-3-tert-butyl-5-m8thoxy- 
phenyQ(tert-butytcyck)perita-1 ,3-dieny1)dimethyl6ilan©. (6*Uy1oxy-5-terHxityf-3«*^^ .3- 
dienyt)dimethyl6ilane ( 

(2-al»ytoxyphenyl)(tri^ (2*lfy1oxy^-irathy!phenyiX^ 
cycJopenta-1 ,3-<fienyl)dimethyteilane. (2-aHylaxy^. Wime^ ,3<lienyl)dimethylsi- 
lane. (2stfylooiy^-tert-butytphe^ sitane. (2-aUyta»cy-3-tert-butyl-5- 

m6t^phenyQ(trimeth^ ,3-di enyl)dimethylsaane, (2^lyloxy-3,5^-tert-but^^ 

dopenta- 1 ,3-dienyf)cfimethytei lane. (2-anytaxy^5Hmethyl-3^enylp^ 

lane. (2^lytaKy-5-methyl-3-trimet^ (2-aI1ytaxy-3-tert- 
butyldimeth^yl-5^©thylphen ,3-cfi enyOcfimethyteiiane, (2-allytoxy-3.5<liamytphenyf)<tri- 

methylsilyteydcpertta-1 # 3<lienyl)dimethyisilane ( (2-allylaxy^-terMxityl-5-nr^^ .3- 
cfienyOdimethyteitane. (6-alJytaxy-5-tert-butyl^*i^^ ,3-dienyl)cfimethylsUane. 

(2-aIlytaxypheny9finden-1- (2^llytaxyphany0(lnden-2-yf)dime^ (2-a»y«oxy-3-methyt- 

phenyQOnden-l-yl)dimethyteUane, (2^lylGKy^-methyIphenyO(inde^^ (2-allylGxy-3.5<fimethy»phe- 
nyl)(inden-1 -yOdimethyteilane. (2-allyloxy^ ( 5^dimethy^ (2-allyIaxy-3-tert- 
butyiphenyl)(irKlen-1-yi)dimethyt6ilane. (2^lytaxy-3-tert^xity!pheny»Xind^^ (2-al»ylaxy-3-tert-butyl- 
5-methytphenyl)(inden-1 -yl)dimethylsilane t (2-allytoxy^-tert4xJtyi-5Hnethytphen^ (2-B\\y- 
laxy-3,5^i-tert-butytphe^^ (2-a!1ytaxy-3.5<IMert4>jty1p (2- 

allyk>xy-5-rimthyl-3i>hen^heny0(irt (2-allyiaxy-5-methyl-3i>henylph 
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silane. (2-alrytoxy-5-methy1^^ (2-alIyloxy-5-methyi-3-trimetryl8ilylphe- 
nylKirx<en-2-y0dim©myteHane ( (2-allylaxy-3-tert-butyidinr»^ (2 . 
allylaxy-3-tert-butyWimeth^ (2-aNy4oxy^5-diamytpheny00nden-i - 

yl)dimethytolane. (2^lyta)y-3,5^mytphenyW (2^ltytoxy-3-ten-buty1-5Hn6thoxyphe- 
nyi)(rnden- VyOdimethyteilane. (2^Hytaxy-3-tert-butyl-5-methoxy^ (8-allyloxy-5-tert- 
butyi-3-ch!oropheny!)(inden-1 -yl)<Smethylsilane. (6-allylCKy-5-tert-butyl-3-chk^^ 

(2-ally»oxyphenyf)(9H-fliw^ (2-allytoxy-3-methytpheny9(9H4^ ^ 

aHyloxy-3,5^ime!hylphenyl)^ (2^rytaxy-3-tert-bLrtyl^^ 

lane. (2^lly1axy-3-tert-butyl-5-rnet^^ (2^lylo)ty-3 l 5<«^ert-buty!phenyt)(9H-flu- 
oren-9-yl)dimethylsilane, (2-alrytaxy-5-methyl-3i>hen^ (2-aNyi0Ky-5-methyl-3- 
trimethyteilylphenyl)(9H4 (2-altyloxy-3-tert4)utyWi 

yOdimethylsilane, (2-allytaxy-3,5«fiamy^ (2^llyfoxy^tert-butyl-5.methoxyphe- 
nyl)(9H-fluorerv9-yl)dimetbyta (S^ryloxy-5-tert-buty1-3^lor^ and (1-alfy- 

loxynaphthal ene-2-yOcfimethyl( 1 ,2 ,3 Atetramethylcyctoperrtadienyl)8ilane; compounds resulting from changing, in the 
above mentioned compounds, "methoxy- or "allytaxy* to benzyloxy. ethoxy, frirnethyteilylaxy, tert-butyldimetrvlsirylox/ or 
methaxymethoxy, compounds resulting from changing "dimethylsilane" to diethylsftane, diphenylsilane or dimethoxysi- 
lane, compounds resufting from changing "cyctapentadienyT to dimethylcyctopentadienyl. tri methytcydopentadi enyl , n- 
prcpylcycfopentadienyl. isopropylcyctopentadienyt n-txjtyfcydopentadienyl, isobutyicyclopentadienyl, sec-butylcy- 
clopentadienyl, tert-butyldimeth^^ phenylcyclcpentadienyl or methyfindenyl and compounds 

resulting from changing "2-methoxyphenyT to S-phenyl^-methoxyphaTyl, 3-trimethytsayf-2-methoxyphenyl or 3-tert- 
butyWimethyteilyi-2Hnethoxypheny1. 

These compounds [2J sometimes have a plural number of isomers originating from difference in the position of a 
substituent or in the position of a double bond in the cydopentacfiene skeleton of the eubstHuent Cp* The compounds 
[2] in the present invention include aD of these isomers. 

In the compound [3], the hydrogen atom, halogen atom, alky! group with the number of carbon atoms of 1-20 
optionally substituted with at least one halogen atom, aralkyl group with the number of carbon atoms of 7-20 optionally 
substituted with at least one halogen atom, ary! group with the number of carbon atoms of 6-20 optionaly substituted 
with at least one halogen atom, substituted silyl group with the number of carbon atoms of 1-20 optionally substituted 
with at least one halogen atom, afooxy group with the number of carbon atoms of 1-20 optionally substituted with at 
least one halogen atom, aralkytaxy group with the number of carbon atoms of 1-20 optionally substituted with at least 
one halogen atom, arytoxy group wflh the number of carbon atoms of 1-20 optionally substituted with at least one hal- 
ogen atom, and di^ubstituted amino group with the number of carbon atoms of 2-20 which are represented as the sub- 
stituents X 3 and X 4 may respectively be the same as those represented as the substituents X 1 and X 2 in the compound 

Examples of the compound [3} include titanium halides, e.g., titanium tetrachloride, titanium tetrabromide and tita- 
nium tetiaiodkJe. amktotitanium, e.g.. tetmlds(dimethylamlno)titantwn. cficWorabis(dimethylamino)tftanium f 
trichloro(cfimethylamino)trtaniimi and teti^ds(c«ethylamirK))trtanium r alknxytrtanium, e.g., tetraisopropoxytitanium. tetra- 
n-butoxytrtara'um. dtehlorodnsopropoxytitanium and tricWoroisopropoxytrtanium. and compounds resulting from chang- 
ing the titanium" of the respective compounds mentioned above to zirconium or hafnium. The amount of the corrpound 
RJ to be used is in the range of usually 0.5-3 times by mole, preferably 0.7-1 5 times by mole the amount of the com- 
pound [2]. 

The base may be, for example, an organoaikali metal compound, e g., an organolithium corrpound, such as meth- 
yllrthium^tf trimethyteflylacetylide, lithium acetylide. 

trimethyteifyfmethyllrthfum, vinyflrthium, phenyflrthium and allyllrtNum. The amount of the base to be used is in the rang * 
of usually 0.5-5 times by mole the amount of the compound [2}. 

Further, an amine compound may be used together with the base. The amine corrpound may be, for example, a 
primary amine compound, such as methylamine. ethyfamkie, n-propylamine. isopropylamine. n-butyfamine, tert- 
butytamine, n-octylamine. n-decylamtne, anRine and ethytenediamine, secondary amine corrpound. such as dimethyl - 
amine, dkrthytamine, dnvpropylamine. di-rvpropylamine. dr-n-butylamine, cS-tert-butytamine. di-noctylamine, di-n- 
decylamine. pyrrolidine, hexamethyfcfisllazane. and diphenylamine. and tertiary amine compound, such as trimethyl- 
amine. triethytamine. tri-n-propylamine, tri-n-butylamrne. drtsopropylethylamfne. tri-n-octylamine. trl-n-decytamine 
triphenylamine. N.N-dimethylaniline, N.N,N\^-tetramethylethylenediamine. N-methytpyrrofidine and 4-dimethylami- 
nopyricfine. The amount of the amine compound to be used is in the range of usually 1 0 times by mole or less, preferably 
0.5-10 times by mole, more preferably 1-3 times by mole the amount of the base. 

The reaction is usually conducted in a solvent inert to the reaction. Such a solvent is. for exampl , an aprotic sol- 
vent, g.. aromatic hydrocarbon solvent, such as benzene and toluene, aliphatic hydrocarbon solvent, such as hexane 
and heptane, ether type solvent such as diethyl ether, tetrahydrofuran and 1,4-dicxane, amide type solvent such as 
hexamethytphosphork: amide and dimethytforrnamrde. polar solvent such as acetonitrile. proptonrtrile. acetone, diethyl 
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ketone, methyl rsobutyl Ketone and cyclohexanon , halogen-containing solvent, such as dlchloromethane, dichlo- 
roethane. chlorobenzene and dichlorobenzene. These solvents may be used each alone or as a mixture of two or more 
thereof. The amount of the solvent to be used is in the range of usually 1 -200 times by weight, preferably 3-50 times by 
weight the amount of the compound [2}. 

5 The present step may usually be conducted by adding the compound [2] and the base to the solvent and then add- 
ing the compound [3] thereto. Sometimes a solid will precipitate out after the addition of the compound (2) and the base. 
In such a case, the soKd taken out from the reaction system may be added to a solvent and then the compound [3] is 
added thereto. Further, the compound [2], the base and the compound [3] may simultaneously be added to the solvent. 
The reaction temperature is in the range of usually from not lower than -1 00°C to not higher than the boiling point of the 

10 solvent preferably from -S0°C to +100°C. 

The reaction system is preferably shielded from tight to obtain a better yield of the compound [1]. 
The intended compound {1] can be obtained from the resulting reaction mixture by a conventional method, for 
exanple, by fitering off the precipitate formed, concentrating the filtrate to precipitate the compound [1] and then col- 
lecting the compound [1] by filtration. 

is As described above, the compound [2] used in the above [step 1] include the compounds [2a] and the compounds 
(2b]. The compound [2a] can be prepared through the [step 2] as described below. 

[Step 2] 

20 The step of preparing the compound [2a] by reacting a halogenated aryl compound represented by the formula (9) 
(hereinafter referred to as compound [9D : 
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(9) 



3$ wherein A. R 1 , R 2 , R 3 , R 4 . R 7 and Y 4 are respectively the same as defined above, with an organoalkali metal salt or 
metallic magnesium, then reacting the reaction product with a cydopentacfienylidene compound represented by the for- 
mula (4) (hereinafter referred to as compound [4]): 
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R 6 

Cp 3 (4) 

R 3 



wherein Cp 3 is a group having a cyclopentadienylidene skeleton, and R 5 and R 6 are respectively the same as defined 

45 above, and then reacting the resulting reaction product with water. 

The compound [9] may be, tor example, 1 -bromo-2-methoxybenzene, 1-bromo^-methyl-2-methaxybenzen . 1- 
brorTK^d.^methyl^-mettoxybenzene. 14>romo-3-terMxityl-2HT^^ 14>romo^-tert-butyl-2-methoxy-5- 
methyf benzene. 1 -£romo-3.5Hii-tert-butyW 1 -bromo-2-metho«y-3-phenyt>enzene. 1-bromo-2-meth- 

oxy-S-methyJ^-phenyfcenzene, 1 -bronrxj-2-methaxy ^-trimethyte 1 4romo-2-methGxy-5-me 

so silytoenzene, 1 4xomo-3-tert-butytcfimethy^ 1 4>romo-3*ert4>utyldimethv^ 

methytbenzene, l-bromo-3-tert-bi^-2 ( 5<l"mnethaxybenzene, 1 -bromo-34ert-buty1-5-ch!oro^ 3.5- 
diarnyl-1 -bromo-2-methoxybenzene, 

2-allyloocy-l-bromobenzene, 2-allytoxy-1 -bromo-3-methylbenzene, 2-aUytaxy-1 -bromo-3 ( 5-dhrnethylbenzene, 2- 
aUyloxy-1-bramo-3-tert-butylbenzene, 2-allytoxy-1 4>romo^-tert-butyl-5-methy1benzene, 2«allytaxy-1-bromo-3 l 5-di-tert- 

55 butyibenzene, 2-allylaxy-l -bftmio-3-phenytbenzene, 2-aHytoxy-1 -bronrx>-5-methy1-3-phenytt>enzene, 2-allytoxy-l- 
bromo-3-trimethy«6ilytt>enzene. 2-allytoxy-1 -bromo-5~methyt-3^ 2-ally1oxy-1 -bromo-3-tert-butyta- 

imethylsilytoenzene. 2*llytaxy-1-bromo-3-tert4xjt^ 2-attytoxy-1-bromo-3-tert-butyl-5- 
methoxybenzene, 2-aIlytoxy-1 -^orno-3-tert-butyl-5-chlorobenzene. 2-aHyloxy-3 l 5-diamyl-1-bromobenzene and 1-ally- 
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laxy-2-bromonaphthalene. 

Examples of the compound [9] further include compounds resulting from changing the "methoxy" or "aHytoxy" of th 
above-mentioned compounds to benzytoxy. ethoxy, tert-butykJimethyl si lytoxy, trimethylsilytoxy or methoxymethoxy. and 
compounds resufting from changing the "bromo" to chloro or todo. 

In the compound [4], the group having a cyclopentadienylidene skeleton represented as the substituent Cp 3 may 
be. for example, the cyclopentadienylidene group, melhylcyciopentadienylidene group, dimethylcyclopentadienyliden 
group, trimethylcyclopentacfienylidme group, tetramethytcyctopentadie^ group, ethylcyclopentadienylidene 
group, n-propylcydopentadienylidene group, isopropyte^opentadienylidene group, n-butylcyctopentadienylidene 
group, sec-butylcydopentadienylkJene group, tert-butytoydopentadioriylidene group, n-pentyicyclopentadienylidene 
group, neopentylcyclopentadienytidene group, n^exylcyclopentadjenylidene group, n-octylcyclopentadienytiden 
group, phenylcyctopentadienylidene group, naphthytcyclopentadienytidene group, trimethylsil^cydoperitadienyliden 
group, triethytsHytcyciopentadienytidene group, tert-butykfimethyisilyltyctope group, indenyNdene group, 

methylindenytidene groups dimethylindenytidene group, ethylindenylidene group, n-propylindenytidene group, isopropyl- 
indenytidene group, n-btrtylindenylidene group, sec-butylindenylidene group, tert-butyfandenyfidene group, n-pentylin- 
denylktene group, neopentylindenylidene group, n-haxytindenylidene group, rvcctyl indenytidene group, n- 
decylindenyQdene groip, phenyiindenyltdene group, methylphenytindenylidene group. naphthytMenyfidene group, tri- 
methylsilytindenyfidene grotp, triethyteilyfindenylidene group, tert^utyldimethylsilyflindenyflidene group, tetrahydrotnde- 
nylidene group, fluorenyfidene group, methytfluorenyiidene group, dimethytfluorenylidene group, ethytfluorenytkfen 
group, cfiethytfluorenylidene group, n-propylfluorenylidene group, di-n-prcpytfiuorenyfktene group, isopropytf luorenyli - 
dene group, dftsopropytfkjorenytidene group, n-butyHluorenylidene group, sec-butytfluorenyiidene group, tert-butyfflu- 
orenylidene group. di-n-butytttuorenylidene group, di-sec-butytfluorenylidene group, di-tert-butytf luorenyKdene group, n- 
pentytfluorenyfidene group, neapentylfluorenyflidene group, n-hexytfluorenylidene group, n-octylfluorenyifctene group, n- 
decylfkiorenytidene grotp. n-dodecytfluorenyikJene group, phenytfluorenytkJene group, diphenytfluorenyKdene group, 
methylphenylfluorenylidene group, naphthytfluorenylidene group, trimethylsilytffuorenyfidene group, bis-trimethylsilylf lu- 
orenyikJene grotp, triethyfsifytftuorenylidene group and tert-butyWimeth^lyKluoren^ group, preferred of thes 
being cyclopentadienylidene group, methylcyclopentadienyltdene group, tert-butyteyclopentacKenylidene group, tetram- 
ethytcyclopentadienylidene group, indenylidene group, fluorenyfidene group, etc. 

Exanpfes of the compound [4] include 5-methyiidene-cyclopenta-1 .3-diene. 2-tert-butyt*5-methylidene-cyclopenta- 
1 .3-diene. 2-methy1-5-methylidene-cyclopenta-1 ,3-diene, 2-tert-butytdimethyteilyl-5-^^ ,3-diene, 
2-trimethylsilyl-5-methyikten8-<^ciopenta-1 ,3-diene, 5-isopropyfidene-cydopenta-1. 3-diene. 2-tert-butyl-5-isopropyli- 
dene-cyclopertta-1 ,3-diene, 2-methyf-5-isopropylidene-cyclopenta-1,3KJiene, 2-tert*butyldimethylsilyf-5Hsopropyli- 
dene-cydopenta-1, 3-diene, 2-trimefthytsityl-5-isopropy1'ri^ 5-(1-ethyfpropyljdene)-cyclopenta- 
1 ,3-diene, 2-tert-buty1-5-(1 -ethyipropy!idene)-cydopenta-1 ,3-diene, 2-methyl-5-( 1 -ethytpropyttienej-cyctaperte- 1 ,3- 
diene. 2-tert-butyUimethyl6ilyl-5-(1 -ethylpropylidene)-cyclopenta-1 ,3-diene, 2-trimethylsilyl-5-<1 -ethylpropylidene)- 
cydopenta-1 ,3-diene, 5-diphenylmethyiidene-c^^ ,3-diene, 2-tert-butyl-5<iipheny1methy^ 
1 ,3-diene, 2-methyl-5-dipheny^^ ,3-diene, 2-tert-but)Wmethylsayl-5^ 

cydopenta-1, 3-diene and 2-trimethylsiJyt-5<]iphenylmethylidene<y^ .3-diene. 

The amount of the compound [4] to be used is in the range of usually 0.5-3 moles, preferably 0.7-1 .5 moles per 1 
mole of the compound [9]. 

Examples of the organoalkali metal compound indude organd'rtHum compounds, e.g., methyllithfum, ethyllrthium, 
n-butytlithium. sec-butyllrthium, tert-butyllithium. Ifthium trimethylsilyl acetyiide, lithium acetylide. trimethylsilylmethyllith- 
ium. vinylljthium. phenyllithium and allytirthium. 

The amount of the organoalkali metal compound or metallic magnesium to be used per mole of the compound [9] 
is usually in the range of 0.5-5 moles, the amount of the organoalkali metal compound being preferably in the range of 
0.9-2.2 moles and that of metallic magnesium being preferably in the range of 0.9-1 .2 moles. 

The reaction is usually conducted in a solvent inert to the reaction. Examples of the solvent include aprotic sol- 
vents, e.g., aromatic hydrocarbon solvents, such as benzene and toluene, aliphatic hydrocarbon solvents, such as hex- 
ane and heptane, ether type solvents, such as diethyl ether, tetrahydrofuran and 1 ,4dioxane. amide type solvents, such 
as hexamethylphosphotic amide and dimethyttbrmamide, polar solvents, such as acetonitrile, propionitrile, aceton , 
diethyl ketone, methyl isobutyl ketone and cydohexanone, and halogen-containing solvents, such as dichloromethane, 
dtchloroethane, chlorobenzene and dichtorobenzene. These solvents may be used each alone or as a mixture of two 
or more thereof. The amount of the solvent to be used is in the range of usually 1 -200 times by weight, preferably 3-50 
times by weight the amount of the compound [9]. 

The present step may usually be conducted by adcfing the compound [9] and the organoalkali metal corrpound or 
metallic magnesium to the solvent, then adding the compound [4] thereto, and thereafter adding water or an acidic 
aqueous solution or the like thereto, but rt may also be conducted by adding the compound [9], the compound [4] and 
the organoalkali metal compound or metallic magnesium simultaneously to the 60tv nt ami then adding water or an 
acidic aqueous solution thereto. The reaction temperature is usually in the range from not lower than -100°C to not 
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higher than the boiling point of the solvent The t mperature is preferably in the range from -80°C to +40*C when the 
organoalkali metal compound is used, and preferably in the range from 10°C t 100°C when metallic magnesium is 
used. 

Exarrples of the acidic aqueous solution include aqueous ammonium chloride solution and hydrochloric acid. Th 
amount of water or acidic aqueous solution used is in the range of usually 1 -200 times by weight, preferably 3-50 times 
by weight the amount of the compound [9] used. 

When metallic magnesium is used, the initiation of the reaction can be promoted by using an initiator in combination 
therewith. Exarrples of the initiator include molecular halogens, such as bromine and iodine, alkyl halides. such as 
methyl iodide, ethyl iodide and ethyl bromide, and alkyl dihalides, such as 1 ,2-dichloroethane and 1 ,2-dftxomoethane. 
The amount of the initiator to be used per mole of metallic magnesium is usually in the range of 0.00001 -0.1 mole. 

The reaction mixture obtained is separated into an organic layer and an aqueous layer, the solution of the com- 
pound [2a] being obtained as the organic layer. When a solvent compatible with water was used in the above-mentioned 
reaction, or when the organic layer and the aqueous layer cannot be easily separated from each other owing to the use 
of an insufficient amount of the solvent in the above-mentioned reaction, the layer separation is advantageously con- 
ducted after adding an organic solvent insoluble in water, such as toluene, ethyl acetate and chkxobenzene. to the reac- 
tion mixture. 

The compound [2a] may be used in the next [step 3] either as the solution thus obtained as it is or after taken out 
from the solution. 

The compound [2a] can be taken out from the solution of the compound [2a], tor example, by washing the solution 
with water, then drying the solution and removing the solvent by distillation. The compound [2a] thus obtained may b 
further purified by such means as recrystadization. distillation and column chromatography. 

When a solid precipitates out after addition of the compound [9] and the organoalkali metal compound or metallic 
magnesium to the solvent, followed by addition of the compound [4] thereto, or after addtion of the compound [9]. the 
conpound [4] and the organoalkali metal compound or metallic magnesium to the solvent, the compound [1] can also 
be prepared by taking out the solid from the reaction system, adding the solid to a solvent which can be used in the step 
[3], and then adding the compound [3] thereto. 

The compound [9] used in the above-mentioned [step 2] can be prepared through the [step 1] as described below. 

[Stepl] 

The step of preparing the conpound [9] by reacting the compound [10] with a halide represented by the formula 
(11) (hereinafter referred to as compound [1 1]): 

R 7 Y 5 (11) 

wherein Y 5 is a halogen atom and R 7 is the same as defined above, in the presence of a base. 

The halogen atoms represented as the substituent Y 5 in the compound [1 1] include the chlorine, bromin and 
iodine atom. 

The conpound [11] may be, for example, methyl bromide, ethyl bromide, vinyl bromide, allyl bromide. 2-chloro-2- 
propenyi bromide, 2-bromo-2-propenyl bromide. 2-methyl-2-propenyi bromide, homoallyl bromide, hexenyl bromid 
and decenyl bromide, and compounds resulting from changing the "bromide" of the above-mentioned compounds to 
chloride or iodide. The amount of the compound [1 1] to be used per mole of the compound [10] is in the range of usually 
0.5-5 moles, preferably 0.9-3.3 moles. - - 

The base may be, for exanple. inorganic bases, such as Bthium hydroxide, lithium carbonate, lithium hydrogen car- 
bonate, lithium hydride, lithium methoxide. lithium ethoxWe, sodium hydroxide, socfium carbonate, sodium hydrogen 
carbonate, sodium hydride, sodium methoxide. potassium hydroxide, potassium carbonate, potassium hydrogen car- 
bonate, potassium hydride, potassium methoxide and potassium ethoxide, 

amine conpounds, e g , primary amine compounds, such as methylamine, ethylamine, n-propytamine, isopro- 
pylamine. n-butylamine. tert-butylamine, n-octylamine, n<Jecytamine, aniline and ethylenediamine. secondary amine 
conpounds, such as dimethylamine, diethylamine. cfi-rvpropytamine. (^-propylamine, di-n-butylamine. di-tert- 
butylamine. di -n-octylamine, dwi-decylamine, pyrrolidine. hexamethykfisHazane, and cfiphenylamine. and tertiary amine 
conpounds. such as tri methylamine. triethytamine, trinvprcpylamine, tri-n-butylamine, cfiiscpropylethylamine, tri-n- 
octytamine. tri-n^lecyiamine. triphenylamine, N,N-dimethylaniline. N t N,N\NMetramethylethylenediamine N-methy»pyr- 
rolidine, and 4-dimethytamin<pyridine. and 

such organoalkali metal compounds as organolithium compounds, e.g.. methyllithUim. ethyllithium, n-butyllrth- 
ium, sec-butyl lithium, tert-butyllithium, lithium trimethylsilylacetyBde, lithium acetylide, trimethyteilylmethyHlthium, vinyi- 
I'rthium. phenyttithium and allyllithium. The amount of the base to be used per mole of the conpound [10] is in the range 
of usually 0.5-3 moles, preferably 0.9-1 .5 moles. 
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A catalyst may be used in the reaction. The catalyst may be, for example, quaternary ammonium salts, .g. f ben- 
zyttrimethytammonium chloride, benzyltriethylammonium chloride, benzyt^-niaropylammoniimi chloride, benzyrtri-n- 
butyiammonium chloride, tetramethylammonium chloride, tetraethytammonium chloride, tetra-n-propytammonium chlo- 
ride, and tetra-n-butytemmonium chloride, and compounds resulting from changing the M chloride M of the above-men- 
tioned compounds to bromide or iodide. The amount of the catalyst t be used per md of the conpound [1 0] is in the 
range of usually 0.00001-0.5 mole, preferably 0,0001-0.1 mole. 

The reaction is usually conducted in a solvent inert to the reaction. Examples of the solvent include aprotic sol- 
vents, e.g., aromatic hydrocarbon solvents, such as benzene, toluene and xylene, aliphatic hydrocarbon solvents, such 
as hexane and heptane, ether type solvents, 6uch as diethyl ether, tetrahydrofuran and 1 ,4-diaxane, amide type sol- 
vents such as hexamethyfphosphoric amide and dimethylforrnamide, polar solvents, such as acetonttrile, propionrtrile, 
acetone, diethyl ketone, methyl rsobutyl ketone and cyclohexanone, and halogen-containing solvents, such as dichlo- 
romethane, ctichloroethane, chlorobenzene and dichlorobenzene, and such protic solvents as alcoholic solvents, such 
as methanol, ethanol. isopropanol and n-butanol. These solvents may be used each alone or as a mixture of two or 
more thereof. The amount of the solvent to be used is in the range of usually 1-200 times by weight, preferably 5-30 
times by weight the amount of the compound [10). 

The present step can be conducted, for example, by adding the base to the solvent then adding the compound [10] 
thereto and thereafter adding the compound [1 1] thereto. When the catalyst is used, the reaction is conducted by add- 
ing the base and the catalyst to the solvent then adding the compound [10] thereto and thereafter adding the com- 
pound [1 1] thereto The reaction temperature is in the range of usually from not lower than -100°C to not higher than 
the boiling point of the solvent, preferably 0-100°C. 

The reaction mixture obtained is mixed with water and then separated into an organic layer and an aqueous layer, 
the solution of the compound [9] being obtained as the organic layer. When a solvent compatible with water was used 
in the aforesaid reaction or when the organic layer and aqueous layer cannot be easily separated from each other owing 
to the use of an insufficient amount of the solvent in the aforesaid reaction, the layer separation is advantageously con- 
ducted after adding an organic solvent insoluble in water, such as toluene, ethyl acetate and chlorobenzene, to the reac- 
tion mixture. 

Though the compound [9] may be used in the next step as the solution thus obtained as it is, the compound is usu- 
ally employed after taken out from the solution. 

The compound [9] can be taken out from the solution thereof, for example, by washing the solution with water, th n 
drying the solution, and removing the solvent by distillation. The compound [9] thus obtained may be further purified by 
such means as recrystalBzation, distillation and column chromatography. 

The compound [2b] can be prepared through the [step 5] as described befow. 

[Steps] 

The step of preparing the compound [2b] by reacting a halide compound represented by the formula (5) (hereinaf- 
ter referred to as compound [5D: 




wherein Y 1 is a halogen atom, and A, B\ R 1 . R 2 . R 3 , R 4 , R 5 , R 6 and R 7 are respectively the same as defined above, 
with a cyclopentadienyl metal salt represented by the formula (6) (hereinafter referred to as corrpound [6]): 

I^Cp 2 (6) 

wherein M 2 is an alkali metal atom and Cp 2 is the same as defined above. 

The halogen atom represented as the substituent Y 1 in the compound [5] is, for example, the chlorine, bromine or 
iodine atom. 
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Examples of the compound [5] includ chl ro{2-methQxyphenyi)dimethylsilane, chkxo(2-methoocy-3-methytphe- 
nyOdimethylsilane, <*!oro(2-rr^hoxy^,5-dimethytpheny^ (3-tert-buty1-2-methoxyphen^ 
yteilane, (3-tert-butyl-2-methoxy-5-methytph (3,5<li-tert-butyl-2-methoxypheny1)chloro* 
dimethylsilane, chloro{2-memoxy-3i3henytphenyl^methyteilane, cWoro(2-methoxy-5-methyl-3^eny»phenyl)di 
silane, (3-tert-butyWimethyisilyl-2-nr^ (3-tert-butyWimethylsilyl-2-methoxy-5-methyl- 
phenyOchtorodimethylsilane, chloro(2-methoxy-3-trimethyIsilylphenyl)dinriethyteila chloro(2-methoxy-5-methyI-3- 
trirnethylsilylphenylKlimethylsilane. (3,5-dian^l-2-methoxyphenyl)chlor^^ (3-tert-buty1-2 ( 5-dimethoxyphe- 
nyl)ch)orocKmethyl8i[ane, (3-tert-butyl-5K*loro-2Hr>etho^ 

(2-dly«oxy-pheny1)chlorodimethylsilane ( (2-allytoxy-3-methyiphenyl)chlorodimethylsilane, (2-allylaxy-3,5-dimeth- 
y^eny1)chlofOdimethytsi]ane. (2-ally»^-3-tert-but*^heny0^ (2-allyloxy-3-tert-butyl-5-rnethylphe- 
nyl)chkxodimethylsi lane. (2-aJlyloxy-3,5KJi-t^^y!phenyi>chlofodrmethyisjlane, (2-a»yloxy-3-pheny«phenyl)chloro- 
dimethytsilane. (2-allytOKy-5-methyl-3-phenytpheny1)c^ (2-allyk>xy-3-tert-butyWimelhylsi!y^)he- 
noOcWbrodimethytsilane, (2-a]lyloxy-3-tert-butyldimethy^ (2-allylaxy-3-tri- 
methytsiiytphenyQchlorodimethyt&jlane, (2-allylaxy-5-metW-3-trimetbyts^ <2-aHytoxy-3,5- 
diamytphenyl)chkK0c6meth^ <2-allytaxy-3-tert-butyl-5Hnett (2-aHytoxy-3-tert- 
butyl-5^lorophenyOc^rodim^hylsilane and (l-aUytoxynaphtha)en-2-yOchkxodimethyl5ilane. 

Examples of the compound [5] further include compounds resulting from changing the Ynethoxy" or "allytaxy" of the 
above-mentioned compounds to benzytoxy. ethaxy, trimethytsilyloxy. tert-toutyWimethyteilyloxy or methoxymethaxy, and 
compounds resulting from changing the "chlorodimethytsilane" to chlorodiethylsilane. chlorodiphenytsflane, chlo- 
rodimethoxysiiane. bromodimethylsttane or cfimethyliodosilane. 

The alkali metal represented as the suteMuent M 2 in the compound [6] is, for example, lithium, potassiun and 
sodium. 

Exanples of the compound [6] include cyclopentacBenyfllthium, methylcyclopentadienyifithfum, dimethyicydopen- 
tadtenyllithium, trimethylcyclopentadienylRthium, tetramett^cydopentadien^lithiimi, ethytcyclopentadienyllithium, n- 
propylcyclopentadiertyltttrmim, isopropylcyclopentadienyllithium, tert-txitylcyclopentadienyllithium, n-butytcydopentadi~ 
enyHrtNum. 6ec-butylcydopentadienyf lithium, isobutyk^ctopentadienylHtNum, di-tert-butylcyclopentadienyUithium. n- 
hexytcyclopentadienyttithium, phenylcyctopentadienyllithium, toimethytsilyk^dopentadienyllithium, tert-butyldimethylsi- 
lylcyctopentadienyflithium, indenyllithium. methylindenyllitNum, pehnyiindenyllithium, ftuorenyllithium, 

cyctopentadienylsodium, methytcyclopentadienytsodium, tetramethylcydopentadienyteodium. tert-butylcy* 
cloperrtadienyteodium, n-butytcyclopentadienylsodium, trlmethyteilyk^dcpentedienylsodium, tert-butyldimethyisilylcy- 
ctopentadienyJsodium, indenyteocfium, fluorenylsodium, cyctoportadienylpotassium, methylcyclopentadienyl- 
potassium, tetramethyfcydopentadienylpotassium, tert^xrtyk^dop^ttadienylpotassium, n-butylcydopentadienylpotas- 
skim, trimethy^lylcYdopentadienytpotessiLHTi, tert-butyldimelhyteilyty^ indenytpotasskim and 

fluorenytpotassium. 

The amount of the compound [6] to be used per mole of the compound [5] is in the range of usually 0.5-3 moles, 
preferably 0.9-1.1 moles. 

The reaction is usually conducted in a solvent inert to the reaction. Examples of the solvent include aprotic sol- 
vents, e.g.. aromatic hydrocarbon solvents, such as benzene, toluene and xylene, aliphatic hydrocarbon solvents, such 
as hexane and heptane, ether type solvents, such as diethyl ether, tetrahydrofuran and 1,4-dioxane, amide type sol- 
vents, such as haxamethytphosphoric amide and dimethyttormamide, and halogen-containing solvent, such as rfchlo- 
romethane, dicNoroethane. cNorobenzene and cfichlorobenzene. These solvents may be used each alone or as a 
mixture of two or more thereof. The amount of the solvent to be used is in the range of usually 1-200 times by weight, 
preferably 5-30 times by weight the amount of the compound [5J. 

The present step can be conducted, for example, by mixing the compound [5] and the compound [6] in the solvent. 
The reaction temperature is in the range of usually from not lower than -100°C to not higher than the boiling point of th 
solvent preferably from -80°C to +35 D C. 

The reaction mixture obtained is mixed with water or an acidic aqueous solution, such as aqueous ammonium chlo- 
ride solution or hydrochloric acid, and then separated into an organic layer and an aqueous layer, the solution of the 
compound [2b] being obtained as the organic layer. When a solvent compatHe with water was used tn the aforesaid 
reaction or when the organic layer and the aqueous layer cannot be easily separated from each other owing t th use 
of an insufficient amount of the solvent in the aforesaid reaction, the layer separation is advantageously conducted after 
adding an organic solvent insoluble in water, such as toluene, ethyl acetate and chkxoberuene, to the reaction mixture. 

The compound [2b] may be used in the next [step 3] as the solution thus obtained as it is or It may be used after 
taken out from the solution. 

The confound [2b] can be taken out from the solution thereof, for example, by washing the solution with water, then 
drying the solution and removing the solvent by distillation. The compound [2b] thus obtained may be further purified by 
such means as recrystallization, distillation and column chromatography. 

The compound [5] used in the above-mentioned [step 5] can be prepared through the [step 4] as described below. 
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[Step 4] 

The step of preparing the compound RJ by reacting the compound (9] with a dihalide compound represented by the 
formula (7) (hereinafter referred to as compound [7)): 




wherein Y 2 is a halogen atom, and B\ R 5 , R 6 and Y 1 are respectively the same as defined above, in the presence of an 
organoalkali metal compound or metallic magnesium. 

The compound [9] can be prepared through the [step 1] as described above. In this instance, the compound (9] 
obtained may be used as the solution obtained as an organic layer by layer separation as it rs, or rt may be used after 
taken out from the solution. 

The halogen atom represented as the substrtuent Y 2 in the compound [7] is. for example, the chlorine, bromine or 
iodine atom. 

Examples of the compound [7] include dichlorodimethylsiiane, dicttorodiphenytsHane, dichlorodiethytsilane, 
dichtor<><lk>i)ra^ dichlorocfimethoxysaane, diallyWichlorosilane, dichlorodtvinyteaane, dicNoromethylvinytsi- 
lane. dichJorodbenzytsilane, dkiilorochlofomethylmethylsilane, dibromodimethylsilane and diiododimethytsilane. 

The amount of the compound [7] to be used per mole of the compound [9] is in the range of usually 0.5-50 moles, 
preferably 0.9-5 moles. 

Examples of the organoalkafi metal compounds include organotthium compounds, tor example, organolithium 
compounds, such as methyllrthium, ethyltthium, n-butylWhium, sec-butyUrthium, tert-butyHitrtum. lithium trimethylsilyt 
acetytida, lithium acetytide, trimethylsilylmethyllithium, vinyllithium, phenyllithtum and ailyllithium. 

The amount of the organoalkali metal compound or metallic magnesium to be used per mole of the compound [9] 
is in the range of usually 0.5-5 moles, preferably 0.9-2.2 moles. 

The reaction is usually conducted in a solvent inert to the reaction. Examples of the solvent include aprotic sol- 
vents, e.g., aromatic hydrocarbon solvents, such as benzene, toluene and xylene, aliphatic hydrocarbon solvents, such 
as hexane and heptane, ether type solvents, such as diethyl ether, tetrahydrofuian and 1 ,4-diaxane, amide type sol- 
vents, such 8S hexarnetiytphosphoric amide and dimethytfcxmamide, polar solvents, such as acetonitrile. propionitrile, 
acetone, diethyl ketone, methyl isobutyl ketone and cyclohexanone, and halogen-containing solvents, such as dichl<> 
romethane, dichloroethane, chlorobenzene and dichlorobenzene. These solvents may be used each alone or as a mix- 
ture of two or more thereof. The amount of the solvent to be used is in the range of usually 1-200 times by weight, 
preferably 5-30 times by weight the amount of the compound [9]. 

The present step may be conducted, lor example, by adding the compound [9] and the organoalkali metal com- 
pound or metallic magnesium to the solvent and then adding the compound [7] thereto; or it may also be conducted by 
adding me compound [9], the compound [7] and the organoalkali metal compound or metallic magnesium simultane- 
ously to the solvent. The reaction temperature is not lower than -100°C and not higher than the boiling point of the sol- 
vent The temperature is preferably in the range from -80°C to +40°C when the organoalkali metal compound is used 
and preferably in the r^ 

When metallic magnesium is used, the initiation of the reaction can be promoted by using an initiator in combination 
therewith. Examples of the initiator include molecular halogens, such as bromine and iodine, alkyl halides. such as 
methyl iodide, ethyl iodide and ethyl bromide and alkyl dihalides, such as 1,2-dichloroethane and 1,2<lfcromoethane. 
The amount of the initiator to be used per mole of metallic magnesium is usually in the range of 0.00001-0.1 mole. 

The compound [5] thus obtained may be used in the next [step 5J either as the reaction mixture obtained as it is. or 
as the residue obtained by concentrating the reaction mixture, or after taken out from the reaction mixture. 

The compound [5] can be taken out from the reaction mixture, for example, by concentrating the reaction mixtur 
to obtain a residue, dissolving the residue in a hydrophobic solvent e.g.. an aromatic hydrocarbon solvent such as tol- 
uene, or an aliphatic hydrocarbon solvent such as hexane or heptane, filtering off the insolubles, and then removing 
the solvent by cfistillafon. The compound [5] thus obtained may be further purified by such means as recrystaUization, 
distillation and column chromatography. 

The compound [2b] can also be prepared through the {step 6] as described below. 
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[Step 6] 

The step of preparing the compound [2b] by reacting the compound [9] with a halide compound represented by the 
formula (8) (hereinafter referred t as compound [8]): 

y 3 



wherein Y 3 is a halogen atom, and B\ Cp 2 , R 5 and R 6 are respectively the same as defined above, in the presence of 
an organoaftaJi metal conrpound or metallic magnesium. 

The corrpound [9] can be prepared through the [step 1] as mentioned above. In this instance, the resulting com- 
pound [9] may be used as it is the solution obtained as an organic layer by layer separation, or it may be used after taken 
out from the solution. 

The halogen atom represented as the substituent Y 3 in the compound [8] is, for example, the chlorine, bnomin or 
iodine atom. 

Exanples of the corrpound [8] include chloro(cyc*opentadienyOcfenethyfsilane, cNorodimethyl(methylcyc(opentadi- 
enyf)silane, cMorodimethyl(tetOTn chlorodimethyKtetramethylcydo^ , 

chkKo(tert-butytcydopentadienyf)dimet^ cNorodimethyl(trimethyteily^ (inderM-y1)chlo- 
rocfimethyisilane, 0nden-2*yl)chtorodirnethylsilane and chloro(9H-fluoren-9-yl)dimethytsilane, and further, compounds 
resulting from changing the "cydopentadienyT of the above-mentioned compounds to dimethylcyctopentadienyl, n- 
butytcydopentadienyl. sec-butyteydoperrtadienyt. t er t-butyldimethytsHyU^ctopentadie^ . trimethylcydopentadienyl, 
ethylcyclopentafifienyl. n-propylcyclopentadienyl. isopropylcydaperttadienyJ. isobutylcydopentadienyJ, phenyteyclopen- 
tacfienyl, methylinden-1 -yl or methylinden-2-yl, compounds resulting from changing the "dimethyl 11 to diethyl, diphenyl or 
dimethoxy, and compounds resulting from changing the "chtoro" to bromo or iodo. 

The amount of the compound [8] to be used per mole of the compound [9] is in the range of usually 0.5-3 moles, 

preferably 0.9-1.2 moles. - 

Exanples of the organoalkali metal compound include organolrthium compounds, such as methyllithium, ethyl lith- 
ium, n-butyllithium. seobutyHithtum, tert-butylKthium, lithium trimethytsayl acetylide, lithium acetytide, trimethylsilylmeth- 
yttHhium, vinyftithium, phenylKthium and allyllithium. 

The amount of the organoalkali metal salt or metallic magnesium to be used per mole of the compound [9] is usu- 
ally 0.5-5 motes, the amount of the organoalkali metal compound being preferably in the range of 0.9-2.2 moles and 
that of metallic magnesium being preferably in the range of 0.9*1 .2 moles. 

The reaction is usually conducted in a solvent inert to the reaction. Examples of the solvent indude aprotic sol- 
vents, e.g., aromatic hydrocarbon solvents, such as benzene, toluene and xylene, aliphatic hydrocarbon solvents, such 
as hexane and heptane, ether type solvents, such as diethyl ether, tetrahydrofuran and 1.4-dioxane, amide type sol- 
vents, such as hexamethytphosphoric amide and cfimethytformamide. polar solvents, such as acetonitrile, propionitriJ , 
acetone, diethyl ketone, methyl isobutyl ketone and cyclohexanone, and halogen-containing solvents, such as dichlo- 
romethane. rtcWoroethane. chlorobenzene and dicMorobenzene. These solvents may be used each alone or as a mix- 
ture of two or more thereof. The amount of the solvent to be used is in the range of usually 1-200 times by weight, 
preferably 5-30 times by weight the amount of the compound [9]. 

The present step can be conducted, for example, by adding the compound [9] and the organoalkali metal salt or 
metallic magnesium to the solvent and then acting the compound [8] thereto or alternatively by adding the compound 
[9], the compound [8] and the organoalkali metal salt or metallic magnesium simultaneously to the solvent The reaction 
tenperature is usually not tower than -100°C and not higher than the boiling point of the solvent, the temperature being 
preferably in the range from -78*C to +40°C when the organoalkali metal compound is used and preferably in the range 
from 10°C to 100°C when metallic magnesium is used. 

When metallic magnesium is used, the initiation of the reaction can be promoted by using an initiator in combination 
therewith. Exanples of the initiator indude molecular halogens, such as bromine and iodine, alkyl halides. such as 
methyl iodide, ethyl iodide and ethyl bromide, and afcyl dihaldes. such as 1,2-dichloroethane and 1 ( 2-dfcromoethane. 
The amount of the initiator to be used per mole of metallic magnesium is usually in the range of 0.00001 -0.1 mole. 

The reaction mixture obtained is mixed with water or an acidic aqueous solution, such as aqueous ammonium chlo- 
ride solution or hydrochloric add, and then separated into an organic layer and an aqueous layer, the solution of the 
compound [2b] being obtained as the organic layer. When a solvent compatible with water was used in the afor said 
reaction or when the organic layer and the aqueous layer cannot be easily separated from each other owing to the use 
of an insuffident amount of solvent in the aforesaid reaction, the layer separation is advantageously conducted after 
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adding an organic solvent insoluble in water, such as toluene, ethyl acetate and chlorobenzene, to the reaction mixture. 

The compound {2b] may be used in the next [step 3] either as the solution thus obtained as it is or after taken out 
from the solution. 

The compound [2b] can be taken out from the solution thereof, for exarrpte, by washing the solution with water, then 
drying the solution, and removing the solvent by cfistillation. The compound [2b] thus obtained may be further purified 
by such means as recrystallization, distillation and column chromatography. 

{Organoalu minum compound (A)] 

The compound (A) used in the present invention may be known organoaluminum compounds. Preferred example 
thereof include any one compound selected from (A1) an organoaluminum compound represented by the formula 
E 1 a A/Z3. a , (A2) a cyclic aluminaxane having the structure represented by the formula {■A^E 2 )-0-} b and (A3) a linear 
aluminaxane having the structure represented by the formula E 3 {-A/(E 3 )-0-}cA/E 3 2 (wherein E 1 , E 2 and E 3 are each a 
hydrocarbon group with the number of carbon atoms of 1-8 and all E\ all E 2 and all E 3 may be the same with or different 
from each other; Z is a hydrogen atom or a halogen atom and all Z may be the same with or different from each other: 
a is the number specified by 0<as3, b is an integer of 2 or greater, and c is an integer of 1 or greater, and mixtures of 
two or three kinds thereof. 

Specific examples of the organoaluminum compound (A1) represented by the formula E 1 a A/Z 3 _ a indude triafkyta- 
lumkiums, such as trimethylaluminum, triethyialuminum, tripropyfaliminum. triteobutytaluminum, and thhexytaluminum; 
dialkytaluminum chlorides, such as dimethyialunmum chloride, diethylaluminum chloride, dipropylaluminum chlorid , 
diisobutylaJuminum chloride, and dthexylaluminum chloride; alkylaluminum dichlorides such as methylaluminum dtehlo- 
ride, ethytaluminum dichloride, propylaluminum dichloride, isobutylaiumSnum dichloride. and hexylaluminum dichlorid ; 
and dialkytaluminum hydrides, such asdimethytaluminum hydride, diethylaluminum hydride, dipropylaluminum hydride, 
diisobutytaluminum hydride and dihexylaluminum hydride. 

Preferred of these is a triattcytaluminum, more preferred being triethyialuminum and triisobutylaJumtnum. 

Specific examples of E 2 and E 3 in the cyclic aluminoxane (A2) having the structure represented by the formula {- 
A/(E 2 )-0-} b and in the linear aluminaxane (A3) having the structure represented by the formula E 3 {-A^(E^-C-} C A^E 3 2 
include alkyl groups, such as the methyl group, ethyl group, normal propyl group, isopropyl group, normal butyl group, 
isobutyi group, normal pentyl group and neopentyl group; b is an integer of 2 or greater and c is an integer of 1 or 
greater. Preferably E 2 and E 3 are methyl group and isobutyl group, bis 2*40 and c is 1-40. 

The above-mentioned aiumirxwanes can be prepared by various methods. These is no particular limitation as to 
the method and known methods may be used for preparation. For example, the aluminaxane is prepared by dissolving 
a trialkylafuminum (e g., trimethylaluminum) in a suitable organic solvent (e.g., benzene, or aliphatic hydrocarbon) and 
then contacting the resulting solution with water; or it may be prepared by contacting a triaJkylaluminum (e.g., trimethy- 
laluminum) with a metal salt containing water of crystallization (e.g., copper sulfate hydrate). 

[Compound (B)] 

In the present invention, any one compound selected from (B1) a boron compound represented by the formula 
BQ 1 Q 2 Q 3 , (B2) a boron compound represented by the formula Z*(BQ 1 Q 2 Q 3 Q 4 )* and (B3) a boron compound repre- 
sented by the formula (L-H)*(BQ 1 Q 2 Q 3 Q 4 )" is used as the compound (B) . 

In the boron compound (81) represented by the formula BQ 1 Q 2 Q 3 , B is a boron atom in the trrvalent valence state. 
Q V Q3 are each a halogen atom, hydrocarbon group containing 1-20 carbon atoms, haJogenated hydrocarbon group 
containing 1-20 carbon atoms, substituted silyl group containing 1-20 carbon atoms, alkoxy group containing 1-20 car- 
bon atoms or di-substituted amino group containing 2-20 carbon atoms, which may be the same with or different from 
each other. Preferred Q1-Q3 each independently a halogen atom, hydrocarbon group containing 1-20 cartoon atoms 
and haiogenated hydrocarbon group containing 1-20 carbon atoms. 

Specific examples of the Lewis acid (B1) include tris(pentafUiorophenyf)borane, tris(2,3,5,6-tetrafiuorophe- 
nyl)borane, tris(2 I 3,4 i 5-tetrafluorophenyl)borane, tri^3,4,5-trtluoropheny0borane, trls(2,3 l 44rifluorophenyl)borane and 
phenytbis(pentaf luorophenyQborane, most preferred of these being tris(pentaf luorophenyl)borane. 

In the boron compound (B2) represented by the formula Z*(BQ 1 Q 2 G^C3 4 )', Z* is an inorganic or organic cation. B 
is a boron atom in the trivalent valence state, and Q 1 -© 4 are the same as defined for C^-Q 3 in the above-mentioned 
compound (B1). 

As to specific examples of the compound represented by the formula Z*(BQ 1 Q 2 Q 3 C3 4 )', Z* of the inorganic cation 
is, for example, a ferrocenium cation, alkyl-substituted ferrocenium cation and silver cation, and Z* of the organic cation 
is, for example, a triphenylmethyl cation; (BQ 1 Q 2 Q 3 Q 4 )' is, for example. tetrakis(perrtafluorophenyl)borate. tet- 
raHs(2,3 ( 5,a-tetrafluorophenyl)borate, tetraWs(2,3.4,5-tetra^ tetrakis(3,4,5-trifluorophenyl)bofate, 
tetrakis(2 f 2,4-trifli©rophenyl)borate, phenylbis(pentafluorophenyOborate and tetrakis(3,5-bistrifluoromethytphe^ 
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nyt)borate. 

Exarrples of the specific combination of these include ferrocentum tetrakis(pentaf!uorophenyl)borate, 1,V-dimeth- 
yfferrocenium tetrakis(pentaf luorophenyOborate, silver tetrakis(pemalluorophenyO borate, triphenylmethyl tetraWs(pen- 
tafluorophenyQborate and triphenylmethyl tetrakis(3.5-bistrifluoromet^^ most preferred of these b ing 

tr^henytmethyi tetraHis{pentatfluorophenyOborate. 

In the boron compound (B3) represented by the formula (L-HnBQ'tfC^Q 4 )". Lisa neutral Lewis base. (L-H)" is 
a Brensted acid, B is a boron atom in the trivalent valence state, and Q1-Q4 are the same as defined for Q 1 -Q 3 in the 
above-mentioned compound (B1). 

In the specific example of the compound represented by the formula (L-H) + (BQ 1 Q 2 Q 3 Q 4 )-, (L-H)* of the Brensted 
acid is, for example, a trialkyl-substrtuted ammonium, N,N-dialkylanilinium, dialkytammonium and triarylphosphonium, 
and the (BQ 1 Q 2 Q 3 Q 4 )* may be, for example, the same as those described above. 

Exanples of the specific combination of these include triethylammonium tetrakis(pentafluorophenyOborate, tripro- 
pylanmonium tetrakis(pentafluorophenyl) borate, tri(normal butyt)ammonium tetrakis(pentafluorophenyl)borate. tri(nor- 
mal butyQammonium tetraWs(3.5-bistrffluorome^^ N.N-dimethylanilinium tetraWs(pentafliioro- 

phenyOborate, N,N-diethylanilrnium tetrate(perrtafluorophenyl)borate, N.N-a^.SiaentamethylanHinium tetrakis(pen- 
taffoorophenyOborate, N.N^imethylanilrnium tetraWs(3.54wstrifliK5romethylphenyl)borme. diisopropylammonium tet- 
rakis(pentafluorophmyl)borate ( dicyctohexylammonium tetrakistpentafluorophenyOborate, triphenylphosphonium 
tetrakis(perTtafluorophenyl)borate, tri(methylpheny|)phosphonium tetrakis(pentafluorophenyl)borate, and tri(dimethyl- 
phenyQphosphonium tetrakis(pentafluorophenyf)bcxBte, most preferred of these being tri(normal butyQammonium tet- 
rakis(pentafKjorophenyl)borate or N. N-dimethylanilintum tetraWs(pentatfluorophenyQborate. 

In the present invention, the transition metal complex represented by the formula (1), the compound (A), or further 
the conpound (B) may be charged in any desired order at the time of polymerization. Alternatively, any desired combi- 
nation of these compounds may be contacted with each other beforehand and the resulting product may be used at th 
time of polymerization. 

As to the amounts of the respective components of the catalyst, the respective components are desirably used 
such that the molar ratio of the compound (A) to the transition metal complex may fall within the range of 0.1-10,000. 
preferably 5-2,000 and the molar ratio of the compound (B) to the transition metal complex may fall within the range of 
0.01-100, preferably 0.5-10. With regard to the concentrations of the respective catalyst components when they ar 
used in the form of a solution, the respective components are desirably used such that the concentration of the transi- 
tion metal corrplex represented by the formula (1) may fall within the range of 0.0001-5 mmol//, preferably 0.001-1 
mmol//, the concentration of the compound (A) in terms of A/ atom within the range of 0.01 -500 mmoi/A preferably 0. 1 • 
1 00 mmol// and the concentration of the compound (B) within the range of 0.0001 -5 mmol//. preferably 0.001 - 1 mmol//. 

In the present invention, the monomer used tor polymerization may be any of the olefins and diolef ins each with the 
nurrtoer of carbon atoms of 2-20. Two or more kinds of the monomers may also be used simultaneously. Some exam- 
ples of the monomer are shown below, but the invention is not limited to these compounds. Specific examples of the 
olefin include ethylene, propylene, butene-1, pentene-1, hexene-1. heptene-1. octene-1, nonene-1, deoene-1, 5- 
methyl-2-pentene-1 and vinylcydohexene. The dioiefin compounds are, for example, conjugated diene or non-conju- 
gated diene hydrocarbon compounds. Specific examples of the non-conjugated diene compound include 1.5-hexadi- 
ene, 1 ,4-hexadiene. 1,4-pentadiene, 1,7-octacfiene, 1 ,8-nonadiene, 1 ,9-decadiene t 4-methyM ,4-hexadiene, 5-methyl- 
1 ,4-hexadiene, 7-methyl- 1 ,6-octadiene, SethyTriiene-2-nortomene. dicyclopentadiene. 5-vinyl-2-nofbomen, 5-methyi- 
2-norbomene. norbomadiene, 5-methylene-2-norbornene. 1 ,5-cydooctadiene and 5,8-endomethylene-hexahydro- 
naphthalene. Specific examples of the conjugated diene compound include 1,3-butactiene, tsoprene. 1,3-hexadiene, 
1,3-octadiene, l,3-<^looctadieneahd 1 ,3-cyclohexadiene. 

Specific examples of the monomers which constitute copolymers include the combinations of ethylene and propyl- 
ene, ethylene and butene-1 , ethylene and hexene-1 , and propylene and butene-1 , and combinations wherein 5-ethyli- 
dene-2-norbornene is used in addition to the above-mentioned combination, but the invention is not limited thereto 

In the present invention, aromatic vinyl compounds may also be used as the monomer. Specific examples of th 
aromatic vinyl compound include styrene, o-methytetyrene. nrvmethytetyrene, p-methylstyrene, o t p-dimethy»styren , o- 
ethylstyrene, m-ethytstyrene, p-ethytstyrene, o-cNorostyrene, p-chlorostyrene, a-methytetyrene and dvinytbenzene. 

The method of polymerization is not particularly limited. There may be used, for example, solution polymerisation 
or slurry polymerization wherein aliphatic hydrocarbons, such as butane, pentane. hexane, heptane and octane, ar - 
matic hydrocarbons, such as benzene and toluene, or halogenated hydrocarbons, such as methylene cfichlorid , ar 
used as the solvent, and gas phase polymerization conducted in gaseous monomers. Further, polymerization may be 
conducted either continuously or batch-wise. 

The polymerization temperature may be in the range from -50*C to +200°C, but it is particularly preferably in the 
range from -20°C to +100°C. The polymerization pressure is preferably from normal pressur to 60 kg/cm 2 Q. The 
polymerization time, in general, is determined according to the kind of the intended polymer and the reaction apparatus, 
and may be in the range from 1 minut to 20 hours. In the present invention, chain transfer agents, such as hydrogen, 
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may be added to control the molecular weight of the copolymer. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a flow chart for facilitating the understancfing of the present invention. The flew chart merely shows a rep- 
resentative example of one aspect of the present invention, and in no way limits the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is described below in detail with reference to Examples and Comparative Examples, but th 
invention is not limited thereto. 

The properties of polymers shown in Examples were determined by the following methods. 

(1) Intrinsic viscosity fail : A 100 mg sample of the copolymer obtained was dissolved in 50 ml of tetralin at 135°C. 
The intrinsic viscosity hi! was determined from the falling velocity of the tetralin solution containing the sample dis- 
solved therein by using an Ubbelohde viscometer set in a water both kept at 135°C. 

(2) Intrinsic viscosity • A 300 mg sample of the copolymer obtained was dissolved in 100 ml of xylene to give a 
concentration of about 3 mg/ml. Then the solution was diluted with xylene in dilutions of 1/2, 1/3 and 1/5 to obtain 
samples of 3 levels of concentration. The intrinsic viscosity [nJ was determined from the falling velocity of th 
xylene solution containing the sample dissolved therein by using an Ubbelohde viscometer set in an oil bath at 
70°C. 

i 

(3) a-Olefin content in copolymer: The a-otefin content in the obtained polymer was determined from the infrared 
absorption spectra. Determination and calculation were made according to methods described in literature 
(Takayama, Usami, et al.. Characterization of Polyethylene by Infrared Absorption Spectra, or McRae. M.A. and 
Madams W.F., Die Makromoiectdare Chenrie, 177, 461 (1976)) by making use of characteristic absorptions origi- 
nating from a-olefin, eg.. 1375 cm* 1 (propylene) and 772 cm" 1 . 

Short chain branching (SCB) was expressed in terms of the number of short chain branching per 1 ,000 carbon 
atoms. 

(4) Diolefin content in copolymer: When diolefin units are present in the copolymer, the diolefin content wa6 deter- 
mined from the infrared absorption spectra in the same manner as (3) above making use of characteristic peaks 
originating from the cfiotefin used. For example, when 5-ethylidene-2Hiorbomene (ENB) was used, the determina- 
tion was made by using the peak at 1688 cm' 1 (the peak originating from double bond of ENB). 

(5) Melting point of copolymer: The melting point was determined by using Seito-SSC-5200 under the following 
conditions. 

Temperature increase: from 40°C to 150°C (lO^CVrrwi), kept tor 5 minutes 
Cooling: from 1 50°C to 1 0°C (5°CAnin.), kept for 1 0 minutes 

Determination: from 1 0*C to 1 60°C (5°CAnin) 

(6) Molecular weight and molecular weight distribution: 

These were determined by using a gel permeation chromatography apparatus (mfd. by Waters Corp., 150, C) 
under the following concfittons: 

Column: TSK gel GMH-HT 

Measuring temperature: set at 1 45° C 

Measuring concentration: 1 0 mg/1 0 ml o-dichlorobenzene 

(7) Structures of ligand and complex 

These were confirmed by 1 H-NMR measurement (apparatus: AM400. mfd. by Bruker Corp.) 

Example 1 

(1) Synthesis of transition metal complex 

(1 -1) Synthesis of 1-bromo-3-tert-butyl-5-methyl-2-phenol 

In a 4-necked 500-ml flask fitted with a stirrer, under nitrogen atmosphere. 20.1 g (123 mmol) of 2-tert-butyl-5- 
methyl-2-phenoJ was dissolved in 150 ml of toluene, and suoceedingly 25.9 ml (18.0 g, 246 mmol) of tert-butytamlne 
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was added thereta The resulting solution was cooled to -70°C, and 1 0.5 ml (32.6 g, 204 mmoi) of bromine was slowly 
added to the solution by means of a syringe. The resulting solution was kept at -70°C and stirred tor 2 hours. Thereafter 
the solution was brought up to room temperature and washed three times. 1 00 ml of 1 0% dilute hydrochloric acid b ing 
added for each time of washing. The organic layer obtained after washing was dried with anhydrous sodium sulfate. 
5 Then, th solvent was removed from the solution by using an evaporator to leave an orange oil. The orange oil was puri- 
fied by applying the oM to a silica gel column (Wako Gel C100), followed by developing with hexane, and removing the 
solvent from the obtained fraction. Thus. 18.4 g (75.7 mmol) of a purified colorless oil was obtained. The 1 H-NMR 
(CD 2 Cl2 solvent) data of the purified oil are shown below. 

10 6 1.32 (6. 9H). 2.19 (s, 3H). 6.98 (s. 1 H), 7.1 1 (s. 1 H) 

From the 1 H-NMR data, the colorless oil was identified as 1 -bromo-3-tert-butyl-5-methyi-2'phenol. The yield was 
62%. 

15 (1 -2) Synthesis of 1 4xonrK>-3-tert-butyl-2-methoxy-5-methy«benzene 

In a 100-rrt 4-necked flask fitted with a stirrer, under nitrogen atmosphere. 13.9 g (57.2 mmol) of 1 -bromo-3-tert- 
butyl-5-methyf-2-phenol synthesized in (1-1) above was dissolved in 40 ml of acetonitrile. and succeeding^ 3.8 g (67.9 
mmol) of potassium hydroxide was added thereto. To the resulting mixture was further added slowly 17.8 ml (40.6 g, 
20 286 mmol) of methyl iodide by means of a syringe, and the reaction mixture was stirred for 12 hours. Thereafter, the 
solvent was removed with an evaporator to leave a residue. Then 40 ml of hexane was added to the residue to extract 
hexane solubles. The extraction was repeated three times. The solvent was removed from the extracts to obtain 1 3.8 g 
(53.7 mmol) of a pale yellow oil. The 1 H-NMR (CD 2 C*2 solvent) data of the oil are shown below. 

25 6 1.31 (S. 9H), 2.20 (S. 3H), 3.81 (S. 3H), 7.02 (s. 1H), 7.18 (s. 1H) 

Rom the 1 H-NMR data, the pale yellow oil obtained was identified as 1 -bronrK>-3-tert-butyl-2-methaxy-5-methylben- 
zene. The yield was 94%. 

30 (1 -3) Synthesis of 2-cydopentadienyl-2-(3-tert-but^ 

In a 100-ml 4-necked flask fitted with a stirrer, under nitrogen atmosphere, 4.61 g(l7.9 mmol) of l-bromo-3-tert- 
buty»-2-methoxy-5-methybenzene synthesized in (1-2) above was dissolved in 10 ml of dry diethyt ether and the solu- 
tion was coded to -70°C. To the solution was slowly added 18.0 mol of n-BuU (1 1.1 ml of a n-BuU solution in hexane 

35 of a concentration of 1 .62 mol//) and stirred at -7Q°C for 2 hours. To the resulting reaction liquid was further added a 
solution obtained by dissolving 1 .91 g (1 8.0 mmol) of 6,6-dimethylf ulvene in 1 0 ml of diethyl ether, and then the resulting 
mixture was slowly brought up to room temperature. Succeecfingly. 25 ml of 5 wt% dilute hydrochloric acid was added 
to the mixture. Then 30 ml of hexane was added to the resulting reaction liquid to extract hexane solubles. The extrac- 
tion was repeated 3 times. The extract was dried with anhydrous sodium sulfate and the solvent was removed with an 

40 evaporator to leave a yellow oil. The yellow oil was purified by applying the oil to a silica gel column (Wako Gel C-l 00). 
followed by developing with hexane, and removing the solvent from the fraction obtained. Thus. 3.0 g of purified pal 
yellow oil was obtained. The 1 H-NMR (CD2CI2 solvent) data of the oil are shown below. 

6 1.48 (s. 9H), 1.71 (S. 6H). 2.26 (s, 3H), 3.26 (6. 3H). 6.07-6.62 (m, 5H). 7.22-7.28 (m. 2H) 

45 

Rom the 1 H-NMR date, the yellow oil obtained was identified as 2<yctapentadienyl-2K3-terto 
methytphenyQpropane. The yield was 60%. 

(1 -4): Synthesis of white solid estimated to be 2-(cydopentadienyl)(lithium)-2-(3-tert 
50 nyl)propane 

In a 50-ml 4-necked flask fitted with a stirrer, under nitrogen atmosphere, 0.28 g (0.99 mmol) of 2-cyck3pentadienyl- 
2-(3-tert-butyl-2-methoxy-5-methyiphenyi)propane synthesized in (1-3) above was dissolved in 20 ml of hexane. and 
the solution wa cooled to -70° C. To th solution was slowty added 1 .09 moi of nBuU (0.67 mi of a solution of nBuLi in 

55 hexane of a concentration of 1 .62 mol//). Thereafter, the resulting mixture was slowly brought ip to room temperature, 
whereby a white solid precipitated out. The solid was collected by f Htration. washed 3 times using 1 0 ml of hexane in 
each washing, and dried under reduced pressure to obtain 0.28 g of a white solid estimated to be 2-(cydopentadi- 
eny00itWum)-2K3-tert-butyl-2nrneth which is white solid. The yield was 97%. 
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(1-5) Synthesis of isqxopytkJenefcydopentatf dichloride 

In a 50 ml 4-necked flask fitted with a stirrer, under nitrogen atmosphere, 0.20 g (2.3 mmof) of the white solid esti- 
mated to be 2-(cydopentadienyl)(Rthium)-2 synthesized in (1-4) 
above was added to 10 ml of hexane. and the mixture was cooled to -70*C. To the mixture was added slowly 0.077 ml 
(0.13 g. 0.70 mmof) of Tid 4 with a syringe. The resulting solution was slowly brought up to room temperature. The solu- 
tion turned liver brown and a dark orange solid deposited. 

The resulting reaction mixture was filtered to separate into a solid and a solution. The solid was treated 3 times with 
10 ml, per one time, of hexane to extract components soluble in hexane, a saturated hydrocarbon solvent. These hex- 
ane solutions were combined, concentrated to a volume of 10 ml, and the concentrated liquid was cooled at -20°C and 
allowed to stand for 12 hours to deposit a yellow solid. The solid was collected by filtration and dried under reduced 
pressure. The 1 H-NMR (CD 2 CI 2 solvent) data of the yellow solid are shown below. 

6 1 .33 (s, 9H). 1.51 (s, 6H). 2.30 (s, 3H), 6.06 (t, 2H), 6.92 (t. 2H), 6.99 (s, 1H), 7.19 (s, 1H) 

Rom the 1 H-NMR data, the yellow solid obtained above was identified as isopropylidene(cyclopentadienyl)(3-tert- 
butyf-5-methyl-2-phenoxy)titantum dichloride of the following structural formula. The yield was 34%. 




(2) Polymerization 

An autoclave with an Inner volume of 3 /fitted with a stirrer was dried under reduced pressure, and the inner atmos- 
phere was replaced with argon. Then 1 / of toluene as the solvent and 20 ml of hexene-1 as the a-olefin were placed 
in the autoclave, and the reactor was brought up to 80*C. After the temperature rise, ethylene was fed into the reactor 
while the ethylene pressure being controlled at 12 kg/cm 2 . After the inside of the system had become stable, 0.5 mmol 
of triisobutylaluminum. then 2.0 ^mof of isopropytkJene<cydopentadi^ 

dichloride synthesized in (1) above, and succeedingfy 6.0 jimol of triphenylmethyl tetrakis(pentafluorophenyl)borat 
were successively charged into the reactor. Polymerization was carried out for 30 minutes while controlling the termer- 
ature at 80*C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 22.8, hi of 1.13, molecular 
weight (Mw) of 64,000. molecular weight distribution (Mw/Mn) of 2.0 and melting point of 96.1 °C was produced at a rate 
of 4.0 x 10 7 g per mole of titanium per hour. 

Example 2 

(1) Polymerization 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure, and the inner 
atmosphere was replaced with argon. Then, 195 ml of toluene as the solvent and 5 ml of hexene-1 as the a-olefin wer 
placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0.25 
mmol of triisobutytaluminum, then 1.0 nmol of isopropylkJene(<^opentadienyl)(3-tert-buty^ 
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nium dichloride synthesized in Example 1 , and succeedingly 3.0 junol of triphenylmethyl tetrakis(pentaf luorophe- 
nyi)borate were successively charged into the reactor. Polymerization was carried out for 30 minutes while controlling 
the temperature at 60°C. 

As the result of polymerization, an ethyl en e-haxene-1 copolymer having an SCB of 32.8, [r\] of 0.98. molecular 
s weight (Mw) of 95,000, molecular weight distribution (Mw/Mn) of 2.8 and melting point of 1 10.5°C was produced at a 
rate of 4.0 x 1 0 7 g per mole of titanium per hour. 



Example 3 
io (1) Polymerization 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure* and the inner 
atmosphere was replaced with argon. Then, 1 95 ml of toluene as the solvent and 5 ml of hexene-1 as the a-olef in were 
placed in the autoclave, and the reactor was brought up to 60»C> After the temperature rise, ethylene was fed into th 

15 reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0.25 
mmoi of triethytaluminum. then 1,0 |imol of isopropyWene(cydcpent^ 

efichtoride synthesized in Example 1 and succeedingly 3.0 nmd of triphenylmethyl tetrakis(pentafluorophenyl)borate 
were successively charged into the reactor. Polymerization was carried out for 60 minutes while controlling the temper- 
ature at 60°C. ■ ' 
20 As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 18.0, [x\] of 1.20 and melting 

point of 120.8°C was produced at a rate of 9.9 x 10 5 g per mol of titanium per hour. 
Example 4 



25 



An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure, and the inner 
atmosphere was replaced with argon. Then. 1 70 ml of toluene as the solvent and 30 ml of hexene-1 as the a-olef in were 
placed in the autoclave, and the reactor was brought up to 60*C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable. 5 0 
mmol, in terms of aluminum atom contained, of methytaluminoxane (mfd. by Tosoh-Akzo K.K., MMAO-3A) and then 1 .0 
30 jtmol of isopropyltiene(cydopentadienyl)(3~tert dichloride synthesized in Example 1 

were fed into the reactor. Polymerization was carried out tor 60 minutes while controlling the temperature at 60°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 28.6 and melting point of 
82.3°C was produced at a rate of 7.7 x 10 s g per mole of titanium per hour. 



35 Example 5 



(1) Polymerization 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure, and the inner 
40 atmosphere was replaced with argon. Then, 1 70 ml of toluene as the solvent and 30 ml of hexene-1 as the a-olef in were 
placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0.5 
mmol. in terms of alurranum atom contained, of methylaluminoxane (mfd. by Tosoh-Akzo KK, NWAO-3A) was fed into 
the reactor, and then 1.0 \uno\ of isopropy1kjene(cyclopentacHentf dichloride 
45 synthesized in Exanple 1 and 0.5 mmol, in terms of aluminum atom contained, of methytaluminoxane which had been 
preliminarily contacted with each other were fed into the autoclave. Polymerization was carried out for 60 minutes while 
controlling the temperature at 60°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 32.4, [nl of 1.99 and melting 
point of 82.0°C was produced at a rate of 5.5 x 10 s g per mole of titanium per hour. 

so 

Example 6 

(1) Synthesis of transition metal complex 

55 (1-1) Synthesis of 1-bromo-2-methoxybenzene 

In a 50-ml 4-necked flask fitted with a stirrer, under nitrogen atmospher , 1 .03 g (5.92 mmol) of 1-bromo-2-phenoJ 
was dissolved in 20 ml of acet nitrile. and succeedingly 0.51 g (9 07 mmol) of potassium hydroxide was added thereto. 
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Further. 1 .90 ml (4.33 g, 30.5 mmol) of methyl iodide was slowly added thereto with a syringe, and the resulting reaction 
mixture was stirred for 12 hours. Thereafter, the solvent was removed with an evaporator, and 20 ml of hexane was 
added to the resulting residue to extract hexan solubles. The extraction was repeated 3 times. The solvent was 
removed from the extracts obtained to obtain 0.97 g of a pale yellow oil. The yield was 89%. The 1 H-NMR (CD 2 CI 2 sol- 
vent) data of the oil are shown below. 

6 3.89 (S, 3H), 6.7-7.7 (m, 4H) 

From the 1 H-NMR data, the pale yellow oil obtained was identified as 1 -bromo-2*methoxybenzene. 
(1 -2) Synthesis of 2-(cycloperrtacfienyl)(lithium)^ 

In a 100-rm 4-necked flask fitted with a stirrer, under nitrogen atmosphere. 4.50 g (24.1 mmol) erf 1 -bromo-2-meth- 
oxybenzene synthesized In (1-1) above was dissolved in 20 ml of dry diethyl ether, and the solution was cooled to -70°C. 
Then 24.0 mol of nBuLi (14.8 ml of nBuU hexane solution of a concentration of 1.62 moW) was slowly added thereto, 
and the resulting liquid was stirred at -70°C for 2 hours. To the reaction liquid was further added 2.64 g (24.9 mmol) of 
6.6-<JimethyKulvene dissolved in 10 ml of diethyl ether, and thereafter the resulting mixture was 6towfy brought up to 
room temperature, whereby a white solid deposited, which was then collected by filtration. The white solid obtained was 
washed 3 times by using 10 ml of hexane per one time, and then dried under reduced pressure to obtain 4.0 g of white 
powder. 

A small portion of the white powder was hydrotyzed with dilute hydrochloric acid. The 1 H-NMR (C 6 D 6 solvent) data 
of the organic substance thus obtained are as follows. 

6 1.66 (S, 3H), 1.75 (s. 3H), 3.26 (s, 3H). 5.9-7.5 (m. 9H) 

Rom the 1 H-NMR data, the organic substance obtained by hydrolysis was identified, as 2-cyciopentadienyl-2-(1 - 
rnethoxyphenyi)propane, and consequently the white powder was estimated to be 2-(cyclopentadtenyl)(lfthium)-2-(2- 
methcxyphenyl)propane. The yield was 75%. 

(1-3) Synthesis of isopropyfkJene<cyckxoen^ dichloride 

In a 50-mJ 4-necked flask fitted with a stirrer, under nitrogen atmosphere, 0.20 g (0.92 mmof) of the white powder 
estimated to be 2-(cyclopentadieny00ithium)-2^ synthesized in (1-2) above was added to 1 5 

ml of hexane and the mixture was cooled to -70°C. Thereto was slowly added with a syringe a solution of 0. 10 ml (0.1 7 
g. 0.91 mmol) of TiCI 4 in 5 ml of hexane. The resulting solution was slowly brought up to room temperature. The solution 
turned light brown, and a brown solid deposited. The reaction mixture was separated by filtration into a solution and a 
solid. From the solid were extracted 3 times, with 10 ml of hexane per time, components soluble in hexane. a saturated 
hydrocarbon solvent These hexane solutions were combined, concentrated to a volume of 10 ml, and the concentrated 
liquid was cooled at -20 # C and allowed to stand for 12 hours, whereby a yellow solid deposited. The solid was collected 
by filtration and dried under reduced pressure to obtain 0.10 g of a yellow solid. The 1 H-NMR (CD 2 Cl2 solvent) data of 
the yellow solid are shown below. 

6 1.62 (s, 6H). 6.17 (t. 2H), 6.80 (d. 1H). 7.00 (t, 2H), 7.20 (t, 1H), 7.21 (t, 1H). 7.58 (d. 1H) 

Additionally, the 13 C-NMR (CD^ solvent) data are shown below. 

6 29.8. 37.3. 1 14.9, 1 19.8, 122.4, 125.6, 126.7, 127.8. 136.5. 143.8, 162.7 

From the 1 H-NMR data and 13 C-NMR data, the yellow solid obtained was identified as isopropylidene(cyck>penta- 
dienyl)(2-phenoxy)titanium dichloride of the following structural formula: 
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15 

(2) Polymerization 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure, and the inner 
20 atmosphere was replaced with argon. Then 195 ml of toluene as the solvent and 5 ml of hexene-1 as the a-otef "n wer 
placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable. 0.25 
mmol of trKsobutylaluminum. then 2.0 fimol of isopropytkjene((*ckjpentadia dichloride synthe- 

sized in (1) above and succeedingly 6.0 |unol of triphenylmethyl tetrakis(pentaftuorophertyl)borate were successively 
25 charged into the reactor. Polymerization was carried out for 60 minutes while controlling the temperature at 60°C. 

As the result of polymerization, an ethyl ene-hexene-1 copolymer having an SCB of 28.1 and h] of 1.08 was pro- 
duced at a rate of 1 .8 x 10 6 g per mole of titanium per hour. 

Example 7 

30 

(1) Polymerization 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and th inner 
atmosphere was replaced with argon. Then 195 ml of toluene as the solvent and 5 ml of hexene-1 as the ct-olefin were 
as placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0.15 
mmol of triisobutylaluminum was fed into the reactor, and succeedingly 2.0 ujnol of tsopropy1idene(cydopentadienyl)(2- 
phenoxy)tHanium dichloride synthesized in Example 6(1) and 0.1 mmol of triisobutylaluminum which had been prelim- 
inarily contacted with each other were fed into the autoclave. Polymerization was carried out for 60 minutes while con- 

40 trolling the temperature at 60°C. 

As the result of polymerization, an ethytene-hexene-1 copolymer having an SCB of 29.0 was produced at a rate of 

.3.3 x 10 s g per mole of titanium per hour. 
Examples 

45 

(1) Polymerization 

An autoclave with an inner volume of 0.4 t fitted with a stirrer was dried under reduced pressure, and the inner 
atmosphere was replaced with argon. Then 1 70 ml of toluene as the solvent and 30 ml of hexene-1 as the a-olef in wer 

so placed in the autodave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 30 kg/cm 2 . After the inside of the system had become stable, 
2.0 mmol. in terms of the aluminum atom contained, of methytaluminoxane (mfd. by Tosoh-Akzo K.K., MMAO-3A) and 
succeedingly 2.0 jimol of isopropylidene(cyclopentacfieny9(^ dichloride synthesized in Example 6(1) 

were fed into the reactor. Polymerization was carried out for 20 minutes while controlfing the temperature at 60°C. 

55 As the resutt of polymerization, an ethylene-hexene-1 copolymer having an SCB of 7.0 and melting point of 
123.7°C was produced at a rate of 2.3 x 10 5 g per mole of titanium per hour. 
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Comparative Example 1 
(1) Polymerization 

5 An autoclave with an inner volume of 400 rrt fitted with a stirrer was dried under reduced pressure and the inn r 

atmosphere was replaced with argon. Then 1 70 ml of toluene as the solvent and 30 ml of hexene- 1 as the a-defin wer 
placed in the autoclave, and the reactor was brought up to 80°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0.25 
mmol of triethylaluminum, then 5.0 jtmol of 2,2'-thtobte(6-tert4xJtyl-4- dicNoride synthesized 

w according to the method described in WO87/02370 and JP-A-5-230133, and succeecfingly 1 5.0 jimol of triphenytmethyl 
tetrakrs(pentafluorophenyl)borate were successively charged into the reactor. Polymerization was carried out for 60 
minutes while controlling the tenperature at 80°C. 

As the result of polymerization, an ethyl ene-hexene-1 copolymer having an SCB of 26.1, ftd of 3.78 and melting 
point of 1 16.8°C was produced at a rate of 29 x 10 4 g per mole of titanium. 

15 

Example 9 

Synthesis of 1,5KfimethyW-(1^clo 

To a solution (100 ml) of 2-brcmM,6^imethy»arHsote (10.32 g) in anhydrous ether was added dropwise at -78°C 
a 1.69 M hexane solution (56.8 ml) of n-butylfithium, the resulting mixture was brought up to room temperature over 2 
hours, and the yeHow solution thus obtained was cooled to -78°C. To the solution was added dropwise 5-isopropyliden * 
cyclopenta-1,3-diene (5.87 ml), the resulting mixture was brought up to room temperature over 12 hours and further 
stirred at room temperature lor 1 hour. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and then separated into an aqueous 
layer and an organic layer. Toluene solubles were extracted from the aqueous layer by using toluene, and the toluen 
solution obtained was combined with the above-mentioned organic layer. The resulting organic solution was washed 
with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The organic solution thus treated was stripped of the solvent under reduced pressure, and the residue was treated 
by silica gel column chromatography to obtain yellow oily 1 ,5-<fimethyl-3-(1 -cycloperitadienyl-lHTieth^ 
benzene as a mixture of isomers (2.56 g, yield 22%). 

1 H NMR (CDCy 6 1.58 (s, 6H). 2.22 (s. 3H), 2.28 (s t 3H). 2.81-2.97 (2H. 2.81 :m;2.97:m). 3.26-3.29 (3 H, 
3.26:m;3.29:m), 6.08-6.48 (m,3H), 6.86 (d, 1 H, J«1 Hz), 6.87 (d. 1 H. JaiHz) 
35 nrcra6pectra(EI,nVe)242,227,211.196, 177. 162. 149, 136, 119. 105,91,81,65 

Example 10 

Synthesis of isopropyWene<cydcperrt^ 

40 

To a hexane solution (10 ml) of 1 .5-dimethyl-3-(1 -cyctopentadienyM -methyl -ethyO-2HTiethoxybenzene (0.727 g) 
was added dropwise at 0°C a 1 .69 M hexane solution (1 .95 mf) of n-butyttithium, the resulting mixture was brought up 
to room temperature and stirred for 12 hours. To the mixture obtained was added at -50°C, while being shielded from 
light titanium tetrachloride (0.33 ml), the mixture was brought up to room temperature in 2 hours and further stirred at 
45 room temperature tor 1 2 hours. The slurry thus obtained was filtered and the filtrate was concentrated to obtain a raw 
product. The raw product was recrystallized from hexane to obtain orange crystals of isoprapylidene(cydopentadi- 
enyO(3,5<lirTOthy»-2-phenoxy)titanium dichloride (0.15 g. yield 14%). 

% H NMR (CeDe) 6 0.99 (s. 6H). 2.18 (s. 3H). 2.29 (s. 3H), 5.46 (t. 2H, J-3Hz). 6.30 (t 2H, 3Hz). 6.65 (d, 1 H. J«2Hz), 
so 6.95 (d, 1H, J»2Hz) 

Example 11 

Synthesis of 1 -pheny»-3-{1 -cydopentadienyl- 1 -fnethyl-ethyf)<2-methoxybenzene 

55 

To an anhydrous ether solution (100 ml) of 2-bromo-6-phenylanisole (14.00 g) was added dropwise at -78°C a 1 .69 
M hexane solution (63.9 ml) of n-butyl!fthium. the resulting mixture was brought up to room temperature over 2 hours, 
and a yellow solution thus obtained was cooled to -78°C. To the solution was added dropwise 5-isopropylidene- 
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cydopenta-1 ,3-cfiene (6.51 ml), the resulting mixture was brought up to room temperature over 12 hours and further 
stirred at room temperature for 1 hour. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with toluene to extract toluene solubles therefrom, and the toluene 
solution obtained was combined with the above-mentioned organic layer to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The organic solution was then stripped of the solvent under reduced pressure, and the residue was treated by silica 
gel column chromatography to obtain yellow oily 1 -phenyl-3-(1 -cydopentadienyl-1 -methyfethyt)-2-methoxyt>enzene as 
a mixture of isomers (6.60 g, yield 43%). 

1 H NMR (CDCfe) 6 1.66 (s. 6H). 2.82-2.96 (m, 5H), 6.07-6.45 (m, 3H). 7.05-7.60 (m ( 8H) 
Mass spectra (El. m/e) 290. 275, 260, 210. 183. 165. 152. 1 15, 91. 77 

Example 12 

Synthesis of isopropylidene(cydopentadienyl)@ dichloride 

To a hexane solution (20 ml) of 1 -phenyl-3-(1 -cydoperrtadienyM -methyl-ethyl)-2-methoxybenzene (1.45 g) was 
added drcpwise at 0°C a 1.69 M hexane solution (3.08 ml) of n-butyflrthium, the resulting mixture was brought up to 
room terrperature and stirred far 12 hours. To the mixture obtained was added at -50°C, while being shielded from light, 
titanium tetrachloride (0.55 ml), the resulting mixture was brought up to room temperature and stirred for 12 hours. Th 
slurry thus obtained was filtered and the filtrate was concentrated to obtain a raw product The raw product was recrys- 
taHized from hexane to obtain orange crystals of isopropylidene(cydopentadienyW^ dicNo- 
ride (0.46 g, yield 23%). 

1 H NMR (CeDe) 6 1.20 (S. 6H), 5.39 (t, 2H. J«3Hz). 6.26 (t, 2H, J-3Hz). 7.00-7.20 (m, 5H) ( 7.26 (dd, 1H, J«2 and 
8Hz). 7.40 (t. 1 H, J»8Hz). 7.75 (dd, 1 H, 2 and 8Hz) 

Example 13 

Synthesis of i-tert^utyl-3-[1-(3-tert^utytaycloper^^ 

To an anhydrous ether solution (30 ml) of 2-bronrK)-6-tert-butyl-4-methylanis^ (3.86 g) was added dropwise at - 
78*C a 1.69 M hexane solution (17.8 ml) of n-butyl lithium, and then the resulting mixture was brought up to room tem- 
perature over 2 hours to obtain a yellow solution. The yellow solution was cooled to -78°C, then an anhydrous other 
solution (10 ml) of 2-tert-buty1-5-isopropy Wene-cydopenta- 1 ,3-<fiene (2.43 g) was added dropwise to the solution, the 
resulting mixture was brought up to room temperature over 1 2 hours, and further stirred for 1 hour at room temperature. 

The reaction mixture thus obtained was mixed with an aqueous ammonium chloride solution and separated into an 
aqueous layer and an organic layer. The aqueous layer was treated with toluene to extract toluene solubles therefrom, 
and the toluene solution thus obtained was combined with the above-mentioned organic layer to form an organic solu- 
tion. The organic solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous 

sodium sulfate. - - 

The organic solution was then stripped of the solvent under reduced pressure, and the residue was treated by silica 
gel column chromatography to obtain yellow oily 1-tert-butyl-3-tH3-tert4xjt^ 
methoxy-5-methylbenzene as a mixture of isomers (1 .80 g, yield 35%). 

1 H NMR (CDCIa) 6 1.06-1.19 (m. 15H). 1.37-1.38 (9H;1 37:s;1.38:s). 2.31 (s, 3H). 2.76-2.90 (2H:2.76:m;2.90:m), 
3.24-3.26 (3H;3.24^3.26:s). 5.72-6.26 (m. 2H), 7.06 (d. 1H. J=1Hz). 7.10 (d, 1H, J-IHz) 

Example 14 

Synthesis of isopropyldene(3-tert-butyk^ dichloride 

To a hexane solution (3 ml) of 1 -tert-butyt-3-[1 ^3-tert-butyfcyclopentadienyl)-l -methy1-ethyl)-2-methQxy-5-methy1- 
benzene (0.202 g) was added dropwise at 0°C a 1 .63 M hexane solution (0.55 ml) of n-butyllrthium. the resulting mixture 
was brought up to room terrperatur and stirred tor 12 hours. To the mixtur obtained was added at -50-C. wNle being 
shielded from light, titanium tetrachloride (0.066 mi), the resulting mixture was brought up to room temperature over 2 
hours and then stirred at room temperature for 1 2 hours. The slurry thus obtained was filtered and the filtrate was con- 
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centrated to obtain a raw product. This was recrystaPized from haxane to obtain orange crystals of isopropytidene(3- 
tert4xitylcyclopentadieny0(3-te^b^ (0.040 g, yield 15%). 

1 H NMR (CeDe) 6 1.27 (s, 3H), 1.35 (s, 9H), 1.40 (s. 3H), 1.64 (s. 9H), 2.27 (s, 3H), 5.01 (t, 1H, J=3Hz), 6.41 (t, 1H, 
5 Jo3Hz), 6.52 (t 1H. J«3Hz), 7.11 (d, 1H, Jo2Hz). 7.14 (d, 1H, J=2Hz) 

Example 15 

Synthesis of 1 -tert-buty»-3-[1 ^3-methyicycloperrtadienyl)-1 -methyl-ettTyQ-2-methoxy-5^ethylberrzene 

10 

Under nitrogen atmosphere, a 1.69 M hexane solution (100 ml) of n-butyflithium was added dropwise at -78*0 to 
an anhydrous ether solution (300 ml) of 2^omo^1ert-buty1-4-methylanisole (20.97 g). the resulting mixture was 
brought up to room temperature over 1 hour, and a yellow solution thus obtained was cooled to -78°C. To the solution 
was added dropwise an anhydrous ether solution (20 ml) of 2-methyl-5-tsopropylidene-cyciopenta-1 ,3-diene (9.78 g). 
is the resulting mixture was brought up to room temperature over 12 hours and then stirred at room terrperature for 1 
hour. 

The reaction mixture thus obtained was mixed with an aqueous ammonium chloride solution and separated into an 
aqueous layer and an organic layer. The aqueous layer was treated with toluene to extract toluene solubles therefrom, 
and the toluene solution thus obtained and the above-mentioned organic layer was combined to obtain an organic solu- 
20 tion. The organic layer was washed with saturated aqueous sodium chloride solution and then dried with anhydrous 
sodium Guttata 

The organic solution was then stripped of the solvent under reduced pressure and the residue was treated by silica 
gel column chromatography to obtain yellow oily 1 -tert-butyl-3-[1 -(3-methylcycioperrtacli enyl)- 1 -methyl-ethyfJ-2-meth- 
oxy-5-methyibenzene as a mixture of isomers (3.27 g, yield 1 3%). 

2S 

1 H NMF^CDCy 6 1.87-1.89 (9H;1 .37:s;1 .38:6; 1.39 s). 1.59-1.61 (6H;1.56:s;1.60:s; 1.61s), 1.98(m. 3H), 2.30 (s. 
3H), 2.70-2.84 (m, 2H), 3.30-3.35 (3H;3.30:s;3.31 :s;3.35:s), 5.75-6.19 (m, 2H) t 7.02-7.08 (m, 2H) 
Mass spectra (El. m/e) 298, 283, 267, 241, 227, 219, 189, 179, 161, 147, 121, 105, 91. 57 

so Example 16 

Synthesis of isopropylidene{3-methytcyclopen^ dichloride 

To a hexane solution (10 ml) of 1 -tert-butyl-3-[1 -{3-methyicyc»opentadienyl)-1 -methyl-ethyl]-2-methoxy-5-methyU 
ss benzene (0.298 g) was added dropwise at 0°C a 1 .56 M haxane solution (0.96 ml) of n-butyUrthium, the resulting mixture 
was brought up to room temperature and stirred for 12 hours. To the resulting mixture was added, while being shielded 
from light, at -50°C titanium tetr a chloride (0.1 1 ml), then the mixture was brought up to room tenperature over 3 hours 
and further stirred at room temperature for 12 hours. The slurry thus obtained was filtered and the filtrate was concen- 
trated to obtain an orange oil of teopropylkfene(3-methyty 
40 dichloride (0. 1 0 g, yield 25%). 

1 H NMR (C 6 D 6 ) |6 1 .38 (S, 3H), 1 .41 (s, 3H), 1 .68 (s. 9H). 2.24 (s. 3H), 2.27 (s, 3 H), 5.34 (t, 1H, J=3Hz). 5.72 (t, 1H. 
J=3Hz). 6.23 (t 1H, J»3Hz), 7.13 l(d. 1H. J-1Hz), 7.14 (d, 1H, J«1Hz) 

4S Example 17 

Synthesis of 1 -tert-butyldjmethyisiiyl-3-(1 -cydopentadienyM-methyl-ethy^ 

Under nitrogen atmosphere, a 1 .60 M hexane solution (24.0 ml) of n-butyllithium was added dropwise at -78°C to 
so an anhydrous ether solution (80 ml) of 2-bromo^tert-butyMimem (6.00 g), the resulting mixture 

was brought up to room temperature over 2 hours, and the resulting yellow solution was cooled to -78°C. To the cooled 
solution was added dropwise an anhydrous ether solution (10 ml) of 5-tGOpropy1idene-cycJopenta~1 ,3-diene (2.43 g). 
the resulting mixture was brought up to room temperature over 1 2 hours and then stirred at room tenperature for 1 
hour. 

The reaction mixture obtained was mixed with an aqueous ammonium chloride solution and separated into an 
aqueous layer and an organic layer. The aqueous layer was treated with toluene to extract toluene solubles therefrom, 
and the toluene solution thus obtained was combined with the abov -mentioned organic layer to obtain an organic solu- 
tion. The organic solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous 
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sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure and the residue was treated by silica 
gel column chromatography to obtain yellow oily 1 -tert-butyWimethylatyi-3-(1 K^c^entadienyiO nriethy^ethy l)-2-meth- 
oxy-5-methyibenzene as a mixture of isomers (2.80 g, yield 43%). 

5 

1 H NMR (CDCI 3 ) 6 0.30 (s. 6H), 0.79 (6, 9H). 1.81 (s. 3H), 1.62 (s. 3H). 2.31 (S, 3H), 2.80 (d. 1H. J«2Hz). 2.95 (d, 
1H, J=2Hz), 3.19 (s, 3H), 6.10-8.40 (m, 3H), 7.09 (d, 1H. J=2Hz), 7.19 (d. 1H, J»2Hz) 

Example 18 

w 

Synthesis of tsopropy1idene(cydopentadienM dichloride 

To a hexane solution (30 ml) of 1 -tert-butykfirnethy lsilyl-3-< 1 -cydoperrtadienyl- 1 -methyl-ethy l)-2-methoxy-5-methyl- 
benzene (1.25 g) was added dropwise at 0°C a 1 .69 M hexane solution (3.25 ml) of n-butytlithium, the resulting mixture 
is was brought up to room temperature and stirred for 12 hours. To the mixture obtained was added, while being shielded 
from light at -50°C titanium tetrachloride (0.41 ml), the resulting mixture was brought up to room temperatur over 3 
hours and then stirred at room temperature for 12 hours. The resulting slurry was littered and the filtrate was concen- 
trated to obtain a raw product. This was recrystallized from hexane to obtain orange crystals of isopropyfi- 
dene(cydopentadienyl)(3-tert4xityM dichloride (0.40 g. yield 26%). 

20 

1 H NMR (CgDe) & 0.65 (S. 6H). 1 . 1 0 (S. 9H). 1 .23 (s. 6H) ( 2.25 (S. 3H), 5.56 (t, 2H, J=3Hz), 6.31 (t, 2H. J*3Hz). 7.20 
(d. 1 H, J»2Hz). 7.28 (d, 1 H, J-2Hz) 

Example 20 

Synthesis of isopropylidene(cydopentadienM dichloride 

To a hexane solution (25 ml) of a white solid (0.51 g. 1 .7 mmol) obtained in the same manner as in (1-4) of Example 
1 was added at -70°C titanium tetrachloride (0.18 ml. 1 .6 mmol). 

Thereafter, the resulting mixture was brought up to room temperature ever 3 hours and then stirred at room tem- 
perature for 12 hours. The solution turned light brown, and a dark orange solid deposited. 

The reaction mixture was filtered to collect the solid, and hexane solubles were extracted from the solid by using 
hexane (120 ml). The hexane solution obtained were combined, then concentrated to a volume of 30 ml, cooled to - 
20°C, and allowed to stand tor 1 2 hours. The yellow crystals thus deposited were collected by filtration and dried under 
reduced pressure to obtain yellow needle-like crystals of isopropy1idene(cyclopentadienM 
noxy)ttanium cfichloride (0.40 g. yield 64%). 

*H NMR (CDgClg) 6 1.33 (s, 9H), 1.51 (s, 6H). 2.30 (s, 3H). 6.06 (t. J=2.7Hz. 2H), 6.92 (t J-2.7Hz, 2H), 6.99 (S. 
1H).7.19(S, 1H) 
40 Mass spectra (CI. m/e) 386 

Example 21 . 

Synthesis of (2-allytoxy-3-tert-butyl-5-mett 

46 

Into a hexane solution (25 ml) of 2-allytaxy-l-bronrx>-3-tert4xjtyl-^ (3.40 g) was added dropwise at 

-10°C a 1 .66 M hexane solution (7.46 ml) of n-butyiBthium, and the resulting mixture was stirred at -10°C for 30 minutes. 

Into the mixture obtained above was added dropwise dichtorodimethyisilane (1 .75 g) over one minute, the resulting 
mixture was brought up to room temperature, then stirred for 2 hours, and thereafter the solvent and the excess of 
so dichtorocfimethylsilane were distilled off. To the residue obtained was added hexane (10 ml), the mixture was filtered, 
and the fBtrate was stripped of the solvent under reduced pressure to obtain (2-allyk^^4ert-buty1-5-methyiphe- 
nyOchlorodimethylsitane as a pale yellow oil (purity 60%) (3.50 g, yield 78%). 

Mass spectra (El, mte) 296. 281 . 253, 245. 220. 205. 189. 161, 145, 128. 1 15, 93. 75, 41 

55 
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Example 22 

Synthesis of (2-a8ykoy^-tert4xityl^m 

Into a tetrahydrofuran solution (50 mi) of tetram^hylcyclopentacHene (1 .55 g) was added dropwise at -10°C a 1 .66 
M hexane solution (7.87 ml) of rvbutyllrthium, the resulting mixture wa6 brought up to room temperature, then stirred for 
3 hours and then cooled to -10 e C. 

Into the mixture obtained above was added dropwise a tetrahydrofuran solution (25 ml), cooled to -10°C, of (2-aily- 
loxy-3-tert4>utyt-5-friethytphen (purity 80%, 3.50 g) over one minute. The resulting mixture was 

brought up to room temperature and then stirred for 20 hours. . 

The reaction mixture was mixed with water (50 m!) and separated into an aqueous layer and an organic layer. Th 
organic layer was washed with saturated aqueous ammonium chloride solution (50 ml) and then the solvent was dis- 
tilled off to obtain (2-allylcxy^tert-butyi-5-m as a pale 
yellow oil (purity 58%) (4.52 g, yield 72%). 

'H NMR (CDCI3) 6 0.13 (s, 6H), 1.42 (s. 9H), 1.69 (6. 6H). 1.79 (6, 6H) f 2.28 (s, 3H), 3.42 (s, 1H), 4.40 (dt, 2H, J=2, 
2Hz), 5.28 (dq, 1H, J-2. 11Hz), 5.54 (dq, 1H, J=2 f 17Hz), 5.99 (ddt, 1H. J«2, 11, 17Hz), 7.03 (d, 1H, J»2Hz). 7.17 
(d. 1 H v Jo2Hz) 

Mass spectra (El, m/e) 382. 341, 261. 162, 121,41 
Example 23 

Synthesis of (2-aHytaxy^-tert4xJtyl-5-methy^ 

To a tetrahydrofuran solution (500 ml) of 2-allyk>xy-1 4>romo-3-tetra-butyl-5-methytbenzene (33.98 g) was added 
dropwise at -78°C a 1.56 M hexane solution (76.92 ml) of n-butyllrthium and the resulting mixture was stirred for on 
hour. 

The mixture obtained above was added dropwise, while the temperature being maintained at -20°C or below, over 
30 minutes into a hexane solution (200 ml) at -78°C of dichlcrodimethyteilane (100.0 g). Thereafter the resulting mixtur 
was brought up to room temperature over 2 hours, then stirred for one hour, and the solvent and the excess of dichlo- 
rodimethylsiJane were distilled off under reduced pressure. 

The mixture obtained was dissolved in tetrahydrofuran (200 ml). Into the solution was added dropwise at -78°C over 
30 minutes a solution of tetramethylcyclopentadienyUithium prepared from a tetrahydrofuran solution (400 ml) of tetram- 
ethylcyetopentadiene (14.67 g) and a 1.56 M hexane solution (76.92 ml) of n-butyllitNum. The resulting mixture was 
brought up to room temperature over 2 hours and then stirred for 1 2 hours. 

Then the reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous 
layer and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the 
hexane solution obtained and the above-mentioned organic layer were combined to form an organic solution. The 
organic solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium 
sulfate. 

The dried organic solution was stripped of the solvent and the residue was treated by silica gel column chromatog- 
raphy (solvent: hexane) to obtain colorless oily (2-allyfoxy-3-tert4xityl-5-methytpheny1)dim 
clopentadienyl)silane (24.4 g, yield 53%). - 

Example 24 

Synthesis of (2-altytaxy^-tert-butyi-5-rY^^ 

Into a mixture of magnesium (0.80 g). iodine (0.05 g) and tetrahydrofuran (200 ml) was added at room temperatur 
2-alry»oxy-1 -brorrx>-3-tert^^ (O.10 g) and the resulting mixture was stirred at 50°C for one hour. 

Into the mixture obtained above was added dropwise at 60°C over 6 hours a toluene solution (20 ml) containing 2- 
allyioxy- 1 -bit)rrx>-3-tei1-twtyl-5-methylbenzene (8.10 g) and dtehlorodimethylsilane (10.9 g), and the resulting mixtur 
was stirred for one hour. 

The solvent and the excess of dichlorocfimethylsilane were distilled off from the mixture obtained above under 
reduced pressure, then tetrahydrofuran (100 ml) was added to the residue, and cooled to -78°C. Into the resulting mix- 
ture was added at -78°C a tetrahydrofuran suspension (100 ml) of tetramethylcycloperrtadienyUHhium (3.71 g) over 5 
minutes, th r suiting mixture was brought up to room temperature over 2 hours and then stirred for 1 5 hours. 

The reaction mixture was mixed with water (100 ml) and separated into an aqueous layer and an organic layer. The 



38 



EP 0 842 939 A1 



organic layer was stripped of the solvent to obtain (2-allyloxy-3-tert4xrty1-5-methylph^ 
tadienyl)silane as a pate yellow oil (purity 45%) (9.70 g, yield 39%). 

Example 25 

5 

Synthesis of dimethylsily1(tetramethyl^ dichloride 

To a chlorobenzene solution (10 ml) containing (2-allytaxy-3-tert-butyl-5-meth^^ 
yfcydopentacfienyOsilane (0.96 g) and triethylamine (0.70 ml) was added dropwise at -78°C a 1.56 M hexane solution 
10 (1 .61 ml) of n-butyllithium, then the resulting mixture was brought up to room temperature over 2 hours and further 
stirred for 6 hours. 

The mixture thus obtained was cooled to -78°C and a chlorobenzene solution (3 ml) of titanium tetrachloride (0.276 
ml) was added thereto. The resulting mixture was brought up to room temperature over 3 hours while being shielded 
from light then stirred for one hour, thereafter brought up to 1 20°C over one hour and stirred for 35 hours. 
is The reaction mixture was filtered, and the fftrate was stripped of the solvent to obtain a reddish brown solid. The 
solid was recrystallized from a hexane-toluene solvent mixture to obtain red needle-like crystals of dimethyl si tyl(tetram- 
ethytcydopentac*enylM3-te^^ dichloride (0.58 g. yield 50%). 

Example 26 

20 

Synthesis of dimethytsily1(tetramethyk*ck^ dichloride 

Into a toluene solution (8 ml) of (2^llyloxy-3-tert-butyi-5-methyt^ 
eny1)silane (0.28 g) was added dropwise at -78°C a 1.56 M hexane solution (0.70 ml) of n-butyllithium. the resulting mix- 
25 ture was brought up to room temperature over 2 hours and then stirred tor 12 hours. 

The mixture obtained was cooled to -78°C. and a chlorobenzene solution (2 ml) of titanium tetrachloride (0.080 ml) 
was added thereto. The resulting mixture was. while being shielded from fight brought up to room temperature over 3 
hours, then stirred for one hour, further brought up to 90°C over one hour and stirred for 10 hours. 

The reaction mixture was filtered and the filtrate was stripped of the solvent to obtain a reddish brown solid. Th 
30 solid was recrystallized from a hexane-toluene solvent mixture to obtain red needle-like crystals of dimethylsily1(tetram- 
ethyfcyclopentacfieny0(3-tert-butyl-5-met^ dichloride (0. 14 g, yield 42%). 

Example 27 

35 Synthesis of (cyck)pentadienyO(2-methQxy 

To a tetrahydrofuran solution (100 ml) of 2-bromo-4»6-dimethylanisole (6.45 g) was added dropwise at -78°C a 1.60 
M hexane solution (37.5 ml) of n-butyllithium. and thereafter the resulting mixture was brought up to room temperature 
over 2 hours. 

40 The mixture obtained above was added dropwise to a hexane solution (200 ml), at -78°C, of dimethyldichlorosilane 
(19.36 g) over 10 minutes. Then the resulting mixture was brought up to room temperature over 2 hours, then stirred for 

one hour, and the solvent and the excess of dimethyldichlcfosilane were distilled off under reduced pressure. 

The mixture obtained was dissolved in tetrahydrofuran (300 ml). Into the resulting solution was added dropwise at 
-78°C a 2.0 M tetrahydrofuran solution (15.0 ml) of cyctopentadienyteodium, the resulting mixture was brought up to 
45 room temperature over 2 hours and then stirred for 1 2 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution, and separated into an aqueous 
layer and an organic layer. The aqueous layer was treated with hexane to extract hexane solifcles therefrom and the 
hexane solution obtained was combined with the above-mentioned organic layer to obtain an organic solution. The 
organic solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium 
so sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent hexane) to obtain colorless oily (cyclopentadi enyf) (2 -methaxy-3 , 5- 
dimethy1phenyt)dimethy1$jlane (4.30 g. yield 33%). 

55 1 H NMR (CDCI 3 ) 6 0.17 (s, 6H), 2.05 (s. 3H), 2.31 (s, 3H), 3.65-3.80 (m, 2H), 3.77 (s, 3H), 5.98-6.45 (m, 3H), 7.12 

(d, 1H J-3Hz), 7.22 (d, 1H, J»3Hz) 
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Synthesis of (3-tert4xityl-2-methcxy-5-mem 

To a tetrahydrofuran solution (200 ml) of 1 -brorro-3-tert4xityi-2-methaxy-5-methytoenzene (7.72 g) was added 
dropwfse at -78°C a 1.60 M hexane solution (37.5 mf) of n-butyllithium, and the resulting mixture was brought up to 
room temperature over 2 hours. 

The mixture obtained above was added dropwfse over 1 5 minutes into a hexane solution (200 mQ at -78°C of diph - 
nykfichlorosilane (7.60 g). Then the resulting mixture was brought up to room temperature over 2 hours, further stirred 
for one hour, and the solvent was distilled off under reduced pressure. 

The mixture thus obtained was dissolved in tetrahydrofuran (300 ml). Into the resulting solution was added drop- 
wfse at -78°C a 2.0 M tetrahydrofuran solution (15.0 ml) of cyclopentadienyteodium, the resulting mixture was brought 
up to room temperature over 2 hours and then stirred tor 12 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the hexane 
solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily (3-tert-butyl-2-methoxy-5-methy|. 
phenyi)(cydoperrtadienyf)djphenytenane (3.59 g, yield 28%). 

1 H NMR (CDCI3) 6 1 .38 (s, 9H), 2.21 (s, 3H), 3.21 (s,3H), 4.17(d, 1H, J=6Hz). 4.60 (d, 1H ( J«14Kz). 6.35-6.78 (m 
3H). 6.98 (d. 1 H P J«2Hz), 7.01 (d. 1 H. J«2Hz), 7.20-7.68 (m, 10H) ' 
Mass spectra (El, nVe) 424, 359. 283, 183, 105 

Example 29 

Synthesis of (3-tert4xityl-2-meth0Ky-5-n^ 

To a tetrahydrofuran solution (400 ml) of 1 -bromo~3-tert-buty^2-methoxy-^ (23.16 g) was added 

dropwise at -78*C a 1.60 M hexane solution (1 12.5 ml) of n-butyllithium, and the resulting mixture was brought up to 
room temperature over 2 hours. 

The mixture obtained above was added dropwise over 30 minutes into a hexane solution (200 ml) of dimethyl- 
dichlorosilane (58. 1 g) of -78°C. Then the resulting mixture was brought up to room tenperature over 2 hours, further 
stirred for one hour, and the solvent and the excess of dichlorcrfmethyistiane were distilled off wider reduced pressure. 

The mixture thus obtained was cfissoived in tetrahydrofuran (200 ml). Into the solution was added dropwise at -78°C 
a methytoyclopentadienyllitNum solution prepared from a tetrahydrofuran solution (400 ml) of methytcyclopentadiene 
(7.21 g) and a 1 .60 M hexane solution (57.69 ml) of n-butyllNhium. The resulting mixture was brought up to room tern* 
perature over 2 hours and then stirred for 12 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the haxan 
solution obtained was combined with the above-mentioned organic layer to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate 

The dried organic solution was stripped of the solvents under reduced pressure, and the residue was treated by 
silica gel column chromatography (developing solvent: hexane) to obtain colorless oily (3-tert-butyl-2-methoxy-5>meth' 
ylphenyl)dimethy1(methytcy^ (18.05 g) as a mixture of isomers in 64% yield. 

1 H NMR (CDCI3) 6 0.16-0.49 (6H:0.16:s;0.18:s; 0.48:s;0.49rs), 1.39-1.42 (9H;1.39:s;1.42:s). 204-208 
(3H;2.04:s;2.08:s). 2.31-2.32 (3H;2.31:s;2.32:6), 2.97-3.05 (m, 1H), 3.61-3.78 (3H;3.61:s;3. 78 :s). 5.98-6.73 (m 
3H), 6.82 (d. 1H, J«2Hz), 7.20 (d, 1H, J*2Hz) 

Example 30 

Synthesis of (tert-butylcydopentadien^^ 

To a tetrahydrofuran solution (400 ml) of 1 -bromo-3-t-buty1-2-methaxy-5-methylben2ene (23. 1 6 g) was added drop- 
wise at -78°C a 1 .60 M hexane solution (1 12.5 ml) of n-butyliithium and the resulting mixture was brought up to room 
temperature over 2 hours. 
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The mixture obtained above was added dropwise into a hexane solution (200 ml) of dimethytdichtorosilane (58. 1 g) 
of -78°C over 30 minutes. Thereafter the resulting mixture was brought up to room temperature over 2 hours, then 
stirred for one hour, and thereafter the solvent and the excess of dichlorodimethytsilane were distilled off under reduced 
pressure. 

5 The mixture obtained was dissolved in tetrahydrofuran (200 ml). Into the resulting solution was added dropwise at 

•78° over 30 minutes a solution of teil^xjtylcyclopentadtenyllithium prepared from a tetrahydrofuran solution (400 ml) of 
tert-butytcyctopentadiene (1 1 .00 g) and a 1.60 M hexane solution (57.69 ml) of n-butyllrthium. The resulting mixture was 
brought up to room temperature over 2 hours and then stirred for 1 2 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 

io and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the hexane 
solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The solution 
was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily (3-tert-butyi-2-methoxy-5-methyl- 

15 phenyl)dimethyKmethylcyclopentadi6nyl)silane (1 8.94 g) as a mixture of isomers in 59% yield. 

1 H NMR (CDCI3) 6 0.08-0.43 (6H;0.08:s;0.13: s;0.42:s;0.43:s). 1.12-1.13 (9H;1.12:$;1.13:s). 1.33-1.36 
(9H;1.33:s;1.36:s), 2.22-2.25 (3H;2.22is;2^5»). 2.97-3.61 (1H2.97:s; 3.61 :s), 3.71 (3H. s). 5.99-6.70 (m, 3H), 
7.05 (d, 1H. J=2Hz) t 7.13 (d. 1H. J«2Hz) 

20 

Example 31 

Synthesis of (3-tert-butyl-2-methoxy-5-methylphenylK 1 H-inden-1 -yl)dimethytsilane 

25 To a tetrahydrofuran solution (400 ml) of 1 ^orro-3-tert4xjtyl-2-methaxy^methytoeriz^ (23.16 g) was added 

dropwise at -78°C a 1 .60 M hexane solution (1 12.5 ml) of n-butyflithium, and the resulting mixture was brought up to 

room temperature over 2 hours. 

The mixture obtained above was added dropwise into a hexane solution (200 ml) of dimethytdichtorosilane (56.10 

g) of -78°C over 30 minutes. Thereafter the resulting mixture was brought up to room temperature over 2 hours, then 
so stirred for one hour and thereafter the solvent and the excess of dichlorodimethyteilane were cfisttiled off under reduced 

pressure. 

The mixture thus obtained was dissolved in tetrahydrofuran (200 ml). Into the resulting solution was added drop- 
wise at -78°C over 15 hours an indenyUithium solution prepared from a tetrahydrofuran solution (400 ml) of indene 
(10.45 g) and a 1.60 M hexane solution (57.69 ml) of n-butyt lithium, the resulting mixture was brought up to room tem- 

35 perature over 2 hours and then stirred for 12 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the hexane 
solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

40 The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily (3-tert-butyl-2-methaxy-5-methyl- 
phenyl)(1 H-inden-1.-yI)cnmethylsilane (23.63 g) in 75% yield. 

1 H NMR (CDCI3) 6 0.03 (s, 3H). 0.14 (s, 3H), 1.44 (s, 9H), 2.29 (s, 3H). 3.45 (d, 1 H, J«1 Hz), 3.81 (S. 3H), 6.57 (dd. 
45 1H. J*2. 5Hz), 6.89 (dd. 1H, J«2, 5Hz). 7.03 (d, 1H, J=2Hz), 7.20 (d. 1H, J«2Hz). 7.04-7.50 (m, 4H) 

Example 32 

Synthesis of (3-tert-buty1-2-methxwy-5»methy^ 

50 

To a tetrahydrofuran solution (100 ml) of 1 ^cmx>-3-tert-buty!-2-methoxy-5-m (7.72 g) was added 

dropwise at -78°C a 1.60 M hexane solution (37.5 ml) of n-butyt! Hhium, the resulting mixture was brought up to room 
temperature over 2 hours and then stirred for 3 hours. 

The mixture obtained above was added dropwise into a hexane solution (100 ml) of dkJitorodimethyteflane (19.36 
55 g) of -78°C over 10 minutes. Thereafter the resulting mixture was brought up to room temperatur ever 2 hours, then 
stirred tor one hour and thereafter the solvent and the excess of dichtorodimethyteilane were distilled off under reduced 
pressure. 

The resulting mixture was dissolved in tetrahydrofuran (150 ml). Into the solution was added dropwise at -78°C a 
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solution of fluorenyifthium prepared from a tetrahydrofuran solution (100 ml) of floor ene (4.99 g) and a 1.60 M hexane 
solution (18.25 mJ) of rHxityflithium, the resulting mixture was brought up to room temperature over 2 hours and then 
stirred lor 12 hours. 

Then the reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous 
layer and an organic layer. The aqueous layer was treated with hexane to extract hexane-solubles therefrom. The hex- 
ane solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and dried with anhydrous sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was recrystallized 
from a tetrahydrofuran-hexane solvent mixture to obtain colorless crystatls of (3-tei14)utyt-2<nYethoxy-5-methylphe- 
nyl)(9H^luoren^yl)dimethylsilane (6.82 g) in 57% yield. 

1 HNMR(CDC%}6 021 (s, 6H). 1.50 <s. 9H), 2.33 (S, 3H), 3.82 (s, 3H), 4.40 (S, 1H). 6.99 (d, 1H ( J=2Hz), 7.29 (d, 
1K J=2Hz), 7.12-7.38 (m. 6H). 7.82 (d, 2H. J«8Hz) 

Example 33 

Synthesis of (3-tert-tx4ty1-2nrnetrKxxy-5-methy^ 

To a tetrahydrofuran solution (100 ml) of 1 -bromo-3-t-butyl-2-methGKy^methyft>enzene (5.24 g) was added drop- 
wise at -78°C a 1.60 M hexane solution (25.0 ml) of n-butyllithium. the resulting mixture was brought up to room tem- 
perature over 2 hours. 

The mixture obtained above was added dropwise into a hexane solution (100 ml) of diphenyldichlorosilane (5.06 g) 
of -78°C over 1 0 minutes. Then the resulting solution was brought up to room temperature over 2 hours, then stirred for 
one hour, and the solvent was distilled off under reduced pressure. 

The mixture obtained was dissolved in tetrahydrofuran (150 ml). To the resulting solution was added dropwise at - 
7B°C a solution of f hjorenyllrthium prepared from a tetrahydrofuran solution (100 ml) of fluorene (3.32 g) and a 1.60 M 
hexane solution (12.5 ml) of n-butyllithium, the resulting mixture was brought up to room temperature over 2 hours, and 
then stirred for 1 2 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the hexane 
solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium suKate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was recrystallized 
from pentane to obtain colorless crystals of (3-terttxjtyl*2-methoxy-5-^ 
(4.31 g. yield 40%). 

1 H NMR (CDCW 6 1 .46 (s, 9H), 2.23 (s. 3H). 3.39 (s, 3H). 4.92 (s, 1H). 7.00 (dt 2H. J«1 , 7Hz), 7.10 (d. 1H, J»1 Hz), 
7.14 (d. 4H, J-8H2), 7.19 (d, 1 H. J»1 Hz), 7.21-7.30 (m. 10H), 7.52 (d, 2H, J«8Hz) 
Mass spectra (El, nVe) 524, 359. 282, 177, 165. 77 

Example 34 

Synthesis of (34ert-butyl-2-metrxwyrr^ 

To a tetrahydrofuran solution (300 ml) of 1 -bronro^-t-txrty^mettax (11.48 g) was 

added dropwise at -78°C a 1 .60 M hexane solution (25.0 ml) of n-butyllithium, and the resulting mixture was stirred for 
1 hour. 

The mixture obtained above was added dropwise at a temperature not higher than -20°C over 30 minutes into a 
hexane solution (200 ml) of dimethyldichlorosilane (5. 1 6 g) of -78°C. Thereafter the resulting mixture was brought up to 
room temperature over 2 hours, then stirred for one hour, and the solvent was distilled off under reduced pressure. 

The mixture thus obtained was dissolved in tetrahydrofuran (200 ml). To the resulting solution was added dropwise 
at -78°C a solution of tetramethyk^ckxoent€K«enyllithium prepared from a tetrahydrofuran solution (300 rrd) of tetrame- 
thylcydopentadiene (4.88 g) and a 1 .60 M hexane solution (25.0 ml) of n-butyllithium. Thereafter the resulting mixture 
was brought up to room temperature over 2 hours and then stirred for 12 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution, and separated into an aqueous 
layer and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the 
hexane solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The 
organic solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium 
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sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily {3-tert*butyl-2-methoxymethy1oxy- 
5-methylpheny0dimethyl(2 ( 3,4,5-te^ (5.60 g) in 36% yield. 

5 

1 H NMR (CDCI 3 ) 6 0.13 (S. 6H), 1 .39 (6, 9H), 1.69 (s. 6H), 1 .78 (6. 6H), 2.29 (s. 3H). 3.43 (s. 1 H). 4.40 (dd, 2H, J=2, 
2Hz) p 5.27 (ddd, 1H, J-2. 2. 9Hz). 5.53 (ddd, 1H. J=2, 2, 17Hz). 6.03 (ddddd. 1H, J-2, 2. 2, 9, 17Hz). 7.03 (d. 1H. 
J-2Hz), 7.17 (d, 1H, J»2Hz) 

10 Example 35 

Synthesis of (2-ben2yk>xy-3-tert-but^ 

To a tetrahydrofuran solution (300 ml) of 24>enzytoxy-1^onrK?-3^-butyl-5-methyibenzene (29.30 g) was added 
is dropwise at -78°C a 1.56 M hexane solution (51.28 mf) of n-butytfithium, and the resulting mixture was stirred for on 
hour. 

The mixture obtained above was added dropwise at a temperature not higher than -20°C over 30 minutes into a 
solution of -78°C of dimethykfichtorosilane (100.0 g) cfissoh/ed in hexane solution (150 ml). Then the resulting mixture 
was brought up to room temperature, then stirred for one hour, and the solvent and the excess of dichlorodimethylsilane 

20 were distilled off under reduced pressure. 

The mixture obtained was dissolved in tetrahydrofuran (200 ml). Into the resulting solution was added dropwise at 
-78°C a solution of tetramethylcyclopentadienyllrthium prepared from a tetrahydrofuran solution (500 ml) of tetramelh- 
ytcydopentadiene (9.78 g) and a 1.56 M hexane solution (51 .28 ml) of n-butyllrthium. The resulting mixture was brought 
up to room temperature war 2 hours and then stirred tor 12 hours. 

25 The reaction mixture was mixed with an aqueous ammonium chloride solution, and separated into an aqueous 
layer and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the 
hexane solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The 
organic solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium 
sulfate. 

30 The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily (2-benzylaxy-3-tert-biityl-5-meth- 
ytphenyQdimethyl(2,3.4,5-tet^^ (17.6 g, yield 51%). 

1 H NMR (CDCfe) 60.01 (s, 6H), 1.33 (6. 9H). 1.52 (s. 6H). 1.67 (S. 6H), 2.24 (s, 3H), 3.32 (s, 1H). 4.94 (S, 2H). 6.99 
35 (d. 1H, J«2Hz), 7.13 (d, 1H, Jo2Hz), 7.21 (dd. 2H, J=7, 7Hz), 7.29 (dt. 1H. J»1. 7Hz). 7.40 (dd, 2H, J«1. 7Hz) 

Mass spectra (El, m/e) 432, 341 , 31 1 , 295, 255, 91 , 57 

Example 36 

40 Synthesis of (2-tert4xrtykJimethylsHyloxy-34ert-butyl-5-me 
enyQsilane 

A tetrahydrofuran solution (10 ml) of 3-tert-buttf-2-tert^^ (0.71 5 g) 

was cooled to -78°C, then a hexane solution (1 .28 ml) of n-butylHthium was added thereto, and the resulting mixture was 
45 stirred for one hour. To the mixture obtained was added (2,3.4,5-tetramethylcyclopentadi chloride 
(0.429 g) and the mixture was stirred at room temperature for 10 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution (10 ml) and separated into an aque- 
ous layer and an organic layer. The aqueous layer was treated with ethyl acetate to extract ethyl acetate solubles there- 
from. The ethyl acetate solution obtained and the above-mentioned organic layer were combined to obtain an organic 
so solution. The organic solution was dried with anhydrous sodium sulfate, then stripped of the solvent, and the residue 
was treated by silica gel column chromatography (developing solvent: hexane) to obtain yellow oily (2-tert-butyl-dimeth- 

ytsilytoxy-3-tert-butyl-5^eth^ (°- 30 34% )- 

1 H NMR (CDCI3) 6 0.21 (s. 12H), 0.67 (s. 9H), 1.38 (s. 9H), 1.85 (s, 6H), 2.10 (s. 6H), 2.28 (s, 3H), 3.32 (s. 1H), 
55 6.91 (d, 1 H. Jo2H2), 7.05 (d, 1 K J»2Hz) 

Mass spectra (El, m/e) 456, 399. 326, 223. 178, 147, 133. 105, 57 
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Synthesis of (2^lytaxy-3-tert-btfyl-5-methyl^ 

To a tetrahydrofuran solution (200 ml) of 2-aJlyk>xy- 1 -bromo-3-tert-butyl-5-niethyIbenzene (17.00 g) was added 
dropwise at -78*C a 1.66 M hexane solution (36.2 mi) of n-butyllithium/and the resisting mixture was stirred for on 
hour. 

The mixture obtained above was added dropwtse at a temperature lower than -20°C over 15 minutes into a solution 
of -78°C of dimethyldichlorosilane (50.0 g) dissolved in hexane (100 ml). Then the resulting mixture was brought up to 
room temperature over 2 hours, then stirred for one hour, and the solvent and the excess of dichlorodimethyteitane were 
distilled off under reduced pressure. 

The mixture obtained was cfissolved in tetrahydrofuran (75 ml) . To the solution was added dropwtse at -78*C a 2 M 
tetrahydrofuran solution (30 ml) of cydopentacfienytsodium, the resulting mixture was brought up to room temperatur 
over 2 hours and further stirred for 12 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the hexane 
solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily (2-any)oxy-3-tert-butyl-5-methyl- 
phenyOdimett^tcyclopentadienyOsilane (7.3 g, yield 37%). 

*H NMR (CDCy 6 0.19 (s. 6H). 1.45 <s. 9H). 2.36 (s. 3H), 3.11 (s, 1H). 4.43 (dt, 2H. J=2, 5Hz). 5.31 (dq. 1H, J*2 
1 1Hz). 5.57 (dq, 1H f J=2 t 17Hz), 6.07 (ddt, 1H. J«5. 11. 17Hz), 6.40-6.70 (m. 4H), 7.16 (d. 1H. J«2Hz). 7.22 (d.' 
1H, Js2Hz) 

Mass spectra (El. nVe) 326, 311. 285. 220, 41 
Example 38 

Synthesis of dimethytenyKcyclopentacfi enyQ(3-terHHJtyl-5-methy1-2^ dichkoride 

To a toluene solution (15 mQ of (2-al!>rlaxy-3-tert-but^5^ (1.62 g) 

was added dropwise at -78°C a 1 .66 M hexane solution (2.99 ml) of n-butyflithium, the resulting mixture was brought up 
to room temperature ever 2 hours, and then stirred for 12 hours. The mixture obtained was cooled to •78°C, and a tol- 
uene solution (5 ml) of titanium tetrachloride (0.545 mQ was added thereto. The resulting mixture, while being shielded 
from light was brought up to room temperature over 2 hours and then stirred for 12 hours. 

The reaction mixture was ffltered, and the f Btrate was stripped of the solvent under reduced pressure to obtain a 
reddish brown solid. The solid was recrystalJized from a hexane-totuene solvent mixture to obtain red needle-like crys- 
tals of c*methyteilyi(cydopentadi^ dlchJoride (0.72 g, yield 36%). 

'H NMR (CsDe) 6 0.27 (s. 6H). 1.63 (s, 9H), 2.21 (s ( 3H), 6.09 (t, 2H, Jo2Hz), 6.65 (t. 2H, J*2Hz). 7.08 (d, 1H 
J=2Hz).7.21 (d, 1H, J=2Hz) ' V ' 



Example 39 

Synthesis of (2-allytoxy-34ert-buty1-5-meth^^ 

To a tetrahydrofuran solution (200 ml) of 2-alf>rtaxy-1-bromo-3-t-^^ (17.00 g) was added drop- 

wise at -78°C a 1 .66 M hexane solution (36.2 ml) of n-butyilithium, and the resulting mixture was stirred for one hour. 

The mixture obtained above was added dropwtse at a temperature not higher than -20°C over 15 minutes into a 
solution of -78'C of dimethyldichlorosilane (50.0 g) dissolved in hexane (100 ml). The resulting mixture was then 
brought up to room temperature over 2 hours, then stirred for one hour, and the solvent and the excess of dimethyl- 
dichlorosilane were distiNed off under reduced pressure. 

The mixture obtained was dissolved in tetrahydrofuran (75 ml). Into the solution was added dropwise at -78°C a 
solution of tert-butyteydopentadienyllithium prepared from a tetrahydrofuran solution (250 ml) of 5-isopropyKdenecy- 
ctopenta-1,3-diene (6.37 g) and a 1.05 M methyUrthium-other solution (57.2 ml), the resulting mixture was brought up 
to room temperature over 2 hours, and then stirred for 1 2 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
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and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom. The hexane 
solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sutfet . 
The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
5 ica gel column chromatography (developing solvent: hexane) to obtain colorless oily (2-allyloxy-3-tert-butyl-5-methyl- 
phenyl)dimethyl(tert-butylcy dienyl)silane (6.58 g, yield 29%) as a mixture of isomers. 

*H NMR (CDCI 3 ) 6 0.17-0.55 (6H;0.17:s;0.22:s; 0.54:s;0.55:s). 1.22-1.23 (9H;1.22:s;1.23:s), 1.43-1.46 
(9H;1.43s;1.46s). 2.34-2.36 {3H;2.34:s2.36:s). 3.08-3.76 (1H3.08.-s; 3.76:s). 4.27-4.60 (m, 2H), 5.30-5.62 (m, 
10 2H). 6.08-6.12 (m. 1 H). 6.20-6.60 (m f 3H). 7.17 (d, 1H, J=2Hz). 7.23 (d, 1H, J=2Hz) 
Mass spectra (El. ntfe) 382, 325. 261 ( 203, 172. 41 

Example 40 

15 Synthesis of dimethylsily1(3-tert-butyty^ dichloride 

To a toluene solution (15 ml) of (2-allyto^-3-tert-butyl-5- methyl 
(1.53 g) was added dropwise at -78°C a 1.66 M hexane solution (2.41 ml) of n-butyllithium, the resulting mixture was 
brought up to room temperature over 2 hours and then stirred for 12 hours. The mixture obtained was cooled to -78°C. 
20 and a toluene solution (5 ml) of titanium tetrachloride (0.440 ml) was added thereto. The reaction mixture obtained, 
while being shielded from light, was brought up to room temperature over 2 hours and then stirred for 1 2 hours. 

The reaction mixture was filtered, and the filtrate was stripped of the solvent to obtain a reddish brown solid. The 
soKd was recrystadized from a hexane-toluene solvent mixture to obtain dimethy1silyl(3-tert-butytcydopentadi enyl) (3 - 
tert^uty1-5-methyl-2-phenoxy)titanium dichtorkJe (0.09 g. yield 5%) as orange crystals. 

25 

*H NMR (C 6 De) 6 0.36 (s, 3H), 0.40 (s. 3H). 1.38 (s, 9H). 1.65 (s. 9H). 2.24 (s. 3H). 5.73 (dd. 1H. J=2, 3Hz) f 6.79 
(dd. 1H, J»2. 3Hz). 6.82 (dd. 1H, J«2. 3Hz). 7.15 (d. 1H, J=2Hz). 7.25 (d. 1H, Jo2Hz) 

Example 41 

30 

Synthesis of (2-allyk^-3-tert-butyl-5-methyl^ 

To a tetrahydrofuran solution (50 ml) of 2-allytaxy-1 -bromo-3-tert-5-methytbenzene (5.6 g) was added dropwise at 
-78 W C a 1.65 M hexane solution (12.5 ml) of n-butyllithkjm, and the resulting mixture was stirred at -78°C for 1 .5 hours. 
as The mixture obtained above was added dropwise into a hexane solution (25 mi) of dichtorodimethylsiJane (12.1 g) 
of -78°C over 3 minutes. The resulting mixture was brought up to room temperature over 2 hours, then stirred for 24 
hours, and the solvent and dichtorodimethytsilane were distilled off under reduced pressure. 

Tetrahydrofuran (50 ml) was added to the mixture obtained above, and further a tetrahydrofuran solution (30 ml) of 
lithium methylcycfopentadienide (3.0 g) was added thereto at -78°C over one minute, the resulting mixture was brought 
40 up to room temperature over 2 hours and then stirred for 3 hours. 

The reaction mixture was mixed with water (40 ml) and separated into an aqueous layer and an organic layer. The 
organic layer was stripped of the solvent, and the residue obtained was treated with a silica gel column to obtain a pale 
yellow oil (2.5 g, purity 90%) of an isomer mixtore of (2-allytaxy-3-t^buttf ^ 
dienyl)silane. The yield of the intended product was 33%. 

45 

*H NMR {Cs0 6 ) 6 0.08-0.09 (3H;0.08:s;0.09:s). 0.39-0.41 (3H;0.39:s;0.41 is). 1.32-1.51 
(9H;1.32:s;1.36s;1.39:s;1.51sj. 1.96-2.03 (3H;1.96:s;1.99:s;2.03:s), 2.24-2.27 (3H2.24»;2.27») f 2.90-3.68 
(1H;2.90:s; 2.98»;3.68:s). 4.17-4.50 (2H;4.17:m;4.33:s; 4.50:d, J=5Hz), 5.22 (d. 1H, J-10Hz), 5.48 (d, 1H, 
J-17H2), 5.79-5.98 (m. 1H), 6.14 (d, 1H, J- 10 Hz). 6.38 (d, 1H). 7.07-7.16 (m. 3H) 
50 Mass spectra (El v m/e) 340. 325. 298. 283, 245. 221, 205. 189. 159. 145. 120, 91, 75, 61, 41 

Example 42 

Synthesis of dimethyteily1(methylcydoperrt dichlorid 

55 

To a hexane solution (10 ml) of (2-aflyloxy-3-tert-butyl-5-methylphenyl)^ 
(0.75 g) was added dropwise at -78°C a 1.66 M hexane solution (2.1 ml) of n-butyHHhium. The resulting mixture was 
brought up to room temperature over 2 hours and then stirred for 1 2 hours. To the mixture obtained were added toluene 
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(25 ml) and then, at room temperature, titanium tetrachloride (0.40 g). The resulting mixture was stirred at 75°C for 24 
hours while being shielded from light. 

The reaction mixture was fftered, and the filtrate was stripped of the solvent to obtain a black tar. The tar was 
treated with hexane (5 ml) to extract hexane solubles therefrom. The haxane solution thus obtained was stripped of the 
5 solvent to obtain a reddish black tar (0.3 g, yield 33%) of dimethy1silyi(methytcyc!^^ 
phenoxy)trtanium dichforide as an isomer mixture. 

NMR (CsDg) 6 0.24-0.34 (6H;0.24^fl.32:s; 0.33:s;0.34:s), 1.58-1.64 (9H;1.58:s;1.59:s; 1.62:s;1.69:s), 2.15- 
2.26 (6H2.15:s;2.19:s; 2.21 :&#.24:s;2.26:s), 5.81 (s, 1H), 6.14 (t. 1H, J«2Hz), 6.46 (t. 1H, J«2Hz), 7.12 (d, 1H, 
10 J=1Hz), 7.24 (d, 1H. J=1Hz) 

Example 43 

Synthesis of (2-aifytoxy-3-tert-butyl-5-methyf^ 

15 

To a tetrahydrofuran solution (1 50 ml) of 2-aHyk>xy-1 -bromo-3-tert-butyl-5-methytbenzene (18.9 g) was added drop- 
wise at -78°C a 1.65 M haxane solution (40.4 ml) of n-butyflithium, and the resulting mixture was stirred at -78°C for 2 
hours. 

The mixture obtained above was added dropwise to a hexane solution (80 ml) of -78°C of dichlorodf methylsilane 
so (12.1 g) over 5 minutes, the resulting mixture was brought up to room temperature over 2 hours, then stirred for 24 
hours, and the solvent and dichtorodimethytsilane were distilled off under reduced pressure. 

To the mixture obtained was added tetrahydrofuran (150 ml), the resulting mixture was cooled to -78°C, and a tet- 
rahydrofuran solution (100 ml) of indenyf lithium (8.2 g) was added thereto over 3 minutes. The resulting mixture was 
brought up to room temperature over 2 hours and stirred for 5 hours 
26 The reaction mixture was mixed with water (100 ml) and separated into an aqueous layer and an organic layer. Th 
organic layer was stripped of the solvent to obtain an oil. The oil was treated with a silica gel column to obtain a yellow 
oil (1 1 .0 g, purity 94%) of an isomer mixture of (2-allyloxy-3-tert-butyl-5-meth^ The yield 

of the intended product was 43%. 

30 *H NMR (CeDg) 6 0.09 (s. 3H), 0.55 (s, 3H). 1.32-1.41 (9H;1 32:s;1.41:s). 2.28-2.29 (3H;2.28:s; 2.29:s), 3.40 (s, 

1H), 4.03 (s. 1H), 4.15 (t 1H, J-2Hz), 4.39 (dd, 2H. J«2.2Hz), 5.05-5.24 (1H, 5.05:s;5.08»;5.18:s;5.24xJ l J«9Hz), 
5.51 (d, 1H, J«17Hz). 5.69-6.08 (m. 1H), 6.54 (dd, 1H, J«2.6Hz), 6.80-7.50 (m, 5H) 
Mass spectra (El. rrVe) 340, 325, 298, 283, 245. 221, 205, 189, 159, 145, 120, 91, 75, 61 , 41 

35 Example 44 

Synthesis of dimetr^ly1(indenyl)(3-ter1-b^ dichforide 

To a toluene solution (20 ml) of <2-allytaxy-3-teft-butyl-5- (2.2 g) was added 

40 triethylamine (1 .50 g) at room temperature. The resulting mixture was cooled to -30° C, and a 1.66 M hexane solution 
(4.8 ml) of rvbutyilrthium was added dropwise thereto. The resulting mixture was brought up to room temperature and 
stirred for 12 hours. To the mixture obtained was added dropwise titanium tetrachloride (1 .35 g) at room tenperature. 
and the resulting mixture was stirred at 95°C for 24 hours while being shielded from light. ~ 

The reaction mixture was filtered, the solid obtained was washed with toluene (15 ml), and the filtrate was stripped 
45 of the solvent to obtain a reddish black oil (2.9 g). Pentane (10 ml) was added to the oil, and the insoluble portion was 
dried under reduced pressure to obtain reddish brown powder of dimethytsilyi(indenyQ(3-tert^ 
noxy)titaroum dichforide (0.25 g, yield 11%). 

1 H NMR (CeDe) 6 0.45 (s, 3H), 0.50 (s, 3H), 1.44 (S, 9H), 2.27 (s, 3H). 6.69-6.75 (m, 2H), 6.78-6.80 (1H; 6.79:d, 
50 J=1Hz;6.80:d. J=1Hz), 6.92-6.98 (m, 1H), 7.15 (s. 1H), 7.23 (dd. 2H, J«2.6Hz). 7.57 (dt, 1H, J*9.1Hz) 

Example 45 

Synthesis of (2-aJlyloxy-3-tert-buty1^methytph 

55 

To a tetrahydrofuran solution (200 ml) of 2-allytaxy-1 -bromo-3-t-butyt-5-methylbenzene (17.00 g) was added drop- 
wise at -78°C a 1 .66 M hexane solution (36.2 ml) of n-butyllrthium. and the resulting mixture was stirred for 1 hour. 
The mixture obtained above was added dropwise at a temperatur lower than -20°C over 15 minutes to a solution 
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of -78°C of dimethyldichlorosilane (50.0 g) dissolved in hexane (100 ml). The resulting mixture was brought up to room 
temperature over 2 hours, further stirred for one hour and the solvent and the excess of dichtorodimethyisilane were 
distilled off under reduced pressure. 

The mixture obtained was dissolved in tetrahydrofuran (75 ml). To the solution was added dropwise at -78°C f luore- 
5 nyllithium prepared from a tetrahydrofuran solution (250 ml) of f luorene (9.97 g) and a 1.66 M n-butyOithium-hexane 
solution (36.2 ml). The resulting mixture was then brought up to room temperature over 2 hours and further stirred for 
12 hours. 

The reaction mixture was mixed with aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the hexane 
70 solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily (2-allyloxy-3-tert-butyi-5-methyl- 
phenyl)dimethyl(9H4luoren-9-yl)silane (12.04 g, yield 47%). 

15 

1 H NMR (CDCI3) 6 0.10 (6. 6H). 1.56 (s, 9H), 2.40 (s. 3H) f 4.51 (s. 1H) ( 4.52 (dt, 2H. J=2, 4Hz). 5.37 (dq. 1H. J«2. 
8Hz). 5.63 (dq. 1H, J«2. 17Hz), 6.14 (ddt, 1H. J«4. 8. 17Hz). 7.08 (d. 1 H. J =2 Hz), 7.23 (d. 1H, J=2Hz), 7.23 (dd, 
2H. Jo7, 8Hz), 7.39 (dd. 2H, J»7, 8Hz). 7.40 (d. 2H. J«7Hz). 7.92 (d, 2H. J=8Hz) 

20 Example 46 

Synthesis of 2-ally1oxy-1-bromo-3.5-dimethylbenzene 

To a solution of 0°C of 24x-onxM,6<fimethylphenol (88.02 g) dissolved in acetonitrile (500 ml) was added potas- 
2S sium hydroxide (30.0 g) and the resulting mixture was stirred for 2 hours to obtain a blue solution. Ally! bromide (100 g) 
was added dropwise at a tenrperature not higher than 10°C to the blue solution, the mixture was brought i*> to room 
temperature and then stirred for 6 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the hexane 
30 solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily 2-allyloxy-l -bromo-3.5-dimethyl- 
benzene (85.73 g, yield 81%). 

35 

*H NMR (CDCI3) 6 2.24 (s. 3H), 2.27 (S, 3H) ( 4.40 (dt, 2H. J-1. 6Hz), 5.27 (dq, 1H, 10Hz). 5.43 (dq, 1H, J=2. 
17Hz). 6.13 (ddt. 1H, J=6, 10. 17Hz), 6.91 (dd, 1H, J«1. 1Hz), 7.19 (dd, 1H, J-1, 1Hz) 

Exampfe 47 

40 

Synthesis of (2-aHytoxy-3,5^imethylphenyl)dimethyl(2 i 3.4 l 5-tefr 

To a tetrahydrofuran solution (200 ml) of 2-allyloxyO-bron^,^ 9) was added dropwis at 

-78°C a 1 .66 M hexane solution (60.24 ml) of n-butyilithium, and the mixture was stirred for 20 minutes. 
45 The mixture obtained above was added dropwise at a temperature lower than -20°C over 30 minutes to a solution 
at -78°C of dichtorodimethyisilane (100.0 g) dissolved in hexane (1 00 ml). The resulting mixture was then brought up to 
room temperature, further stirred for one hour, and the solvent and the excess of dichtorodimethyisilane were distilled 
off under reduced pressure. 

The mixture obtained was cfissotved m tetrahydrofuran (200 ml). To the solution was added dropwise at -78°C a 
so solution of tetramethylcydopentedienytlithium prepared from a tetrahydrofuran solution (400 ml) of tetramethytcy- 
dopentadiene (12.22 g) and a 1 .66 M hexane solution (60.24 ml) of n-butylSthium, the resulting mixture was brought up 
to room temperature over 2 hours and then stirred for 1 2 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexan to extract hexan solubles therefrom, and the haxane 
55 solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residu was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily (2-allyloxy-3.5-dimethylphe- 
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nyl)dimethyl(2 t 3.4>tetranwthylcyclo pentadienyl)silane (18.8 g, yield 56%). 

1 H NMR (CDCI3) 6 0.10 (s, 6H). 1 .70 (6, 6H). 1 .80 (s, 6H), 2.27 (s, 3H). 2.28 (s. 3H) f 3.40 (s. 1 H), 4.41 (dt. 2H J-2 
5Hz), 5.28 (dq. 1H, J=2, 11Hz), 5.41 (dq, 1H, J=2. 17Hz). 6.12 (ddt. 1H, J»5, 11. 17Hz). 6.94 (d. 1H J-2Hz) 7 02 
(d, 1H,J«2Hz) " 
Mass spectra (El. m/e) 340. 299. 219. 178. 41 

Example 48 

Synthesis of 2^Nytaxy-143romo-3-tert-butyl-5-methy(berizene 

To a solution at 0°C of 2^omo^meihyl^tert-bu^ (43.8 g) dissolved in acetorvtrile (250 ml) was added 
potassium hydroxide (13.2 g). and the mixture was stirred tor 2 hours to obtain a blue solution. Ally! bromide (65 g) was 
added dropwise at a temperature not higher than 10°C to the blue solution, the resulting mixture was brought up t 
room temperature and then stirred for 6 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the hexane 
solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gei column chromatography (developing solvent: hexane) to obtain colorless oily 2-aHyloxy-1-bromo-3-tert-butyl-5- 
methylbenzene (46.07 g, yield 90%). 

1 H NMR (CDCI3) 6 1.38 (s. 9H), 2-27 (s, 3H). 4.57 (dt 2H. Jo2. 5Hz). 5.29 (dq. 1H, J=2. 11Hz). 5.49 (dq, 1H J«2 
17Hz). 6.13 (ddt. 1H. J«5. 11. 17Hz), 7.07 (d, 1H. J«2Hz), 7.25 (d. 1H. J=2Hz) 

Example 49 

Synthesis of 2^lytoxy-1^omo-3-tert-buty1-5^ethyibenzene 

To a mixture of 85% potassium hydroxide (76.61 g) and methyl tsobutyl ketone (1000 ml) was added at 10°C over 
2 hours 24>romo^-tert4xJtyl^methylphenol (230.98 g). and the resulting mixture was then stirred at 25°C tor one hour 
To the resulting deep blue mixture was added at 10<>C ally! bromide (1 33.07 g), and the mixture obtained was stirred at 
25°C fori 2 hours. 

The reaction mixture was mixed with water (500 ml) and separated into an aqueous layer and an organic layer. The 
organic layer was washed with saturated aqueous sodium chloride solution and dried with anhydrous sodium sutfete. 
The solvent was distiUed off under reduced pressure from the dried organic layer and the residue was distilled to obtain 
a colorless oil of 2-allyloxy-1 ^oi7X>-3-tert-butyl-5-methytt>enzene (245.25 g, yield 91%). 

Boiling point 74-75°C (0.08 mmHg) 

1 H NMR (CDCJ3) 6 1.38 (s f 9H). 2.27 (s. 3H). 4.57 (dt. 2H, J«2, 5Hz). 5.29 (dq. 1H. J*4>. 11 Hz). 5.49 (dq 1H 
J=2. 17Hz). 6.13 (ddt. 1H, J*5. 11 t 17Hz), 7.07 (d, ^ 1 H. J -2Hz). 7.25 (d. 1H. J=2Hz) 
Mass spectra (El. M/e) 282. 269. 241, 226. 203. 162. 147. 122, 91. 41 

Example 50 

Synthesis of 2-allyioxy- 1 -bronrx>34ert-butyl-5-methyibenzene 

To a mixture (30 mi) of 85% potassium hydroxide (1 .82 g), tetra-n-butylammonium bromide (0.040 g) and toluene 
were added dropwise at 50°C with stirring 24romo-6-t-butyl-4-methylphenol (6.08 g) and allyl bromide (3.38 g) Then 
the resulting mixture was stirred at 50°C for 3 hours. 

After being cooled to 25°C. the reaction mixture was mixed with water and separated into an aqueous layer and an 
organic layer. The organic layer was washed with saturated aqueous sodium chloride solution and then dried with anhy- 
drous sodium sulfate. Gas chromatographic analysis using the internal standard method revealed that 2-allyloxy-i- 

bromo-3-tert-butyl-5-methyft>enzene had been formed in 93% yield based on the 2^rrx>^-t-truty1-4^methylphenol 
used. 
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Example 51 

Synthesis of 2^ytoxy-1-bromo-3Mert4>ulyl-5-methoxybenzene 

5 To a mixture of 85% potassium hydroxide (4.57 g) and methyl isobutyt ketone (30 ml) was added at 1 0°C 2-bromo- 

6-tert-butyl*4*methoxyphenol (16.02 g), and the resulting mixture was stirred at 25°C for 1 hour. To the deep blue solu- 
tion thus obtained was added at 10°C aftyi bromide (8.47 g), and the mixture was then stirred at 25°C for 12 hours. 

The reaction mixture was mixed with water and separated into an aqueous layer and an organic layer. The organic 
layer obtained was washed with saturated aqueous sodium chloride solution and then dried with anhydrous socfium sul- 

w fate. The dried organic layer was stripped of the solvent under reduced pressure, and the residue was distilled to obtain 
pale yellow oily 2-aHytaxy-1 4>ronrx>-3-tei14xjtyl-5-m6thoxybenzene (15.80 g, yield 85%). 

B.p. 115-1 17°C (0.8 mmHg) 

15 1 H NMR (CDCI3) 6 1.38 (S, 9H), 3.76 (S. 3H), 4.55 (dt, 2H. J»2 ( 5H2). 5.29 (dq, 1H, J«2. 11Hz). 5.48 (dq. 1H. 

J«2. 17Hz). 6.13 (ddt. 1H. J«5. 9. 17Hz), 6.86 (d, 1 H. J»3Hz), 6.95 (d. 1 H. J«3Hz) 
Mass spectra (El. nrVe) 300. 257. 1 78. 138, 91 , 44 

Example 52 

20 

Synthesis of (2-allytaxy^-terHxityl-S-methoxyph 

To a hexane solution (90 ml) of 2-al]ytaxy-1 ^romo^-teii-butyl-S-methoxybenzene (8.98 g) was added dropwise at 
-78°C a 1.66 M hexane solution (18.07 ml) of n-butyttithium, the resulting mixture was brought up to -30°C and stirred 
for one hour. The mixture obtained was cooled to -78°C, then dichlorodimethylsilane (4.26 g) was added thereto, the 
resulting mixture was brought up to 25°C over 2 hours, and further stirred for 3 hours. Thereafter, the solvent and the 
excess of dicNorodimethytsilane were distilled off under reduced pressure. 

The mixture thus obtained was dissolved in tetrahydrofuran (50 ml), the resulting solution was added dropwise at - 
78°C to a tetrahydrofuran solution (100 ml) of tetramethylcyclopentadienyllithium (3.84 g). The resulting mixture was 
brought up to room temperature over 2 hours and then stirred for 12 hours. 

The reaction mixture was mixed with an aqueous ammonium chloride solution and separated into an aqueous layer 
and an organic layer. The aqueous layer was treated with hexane to extract hexane solubles therefrom, and the hexane 
solution obtained and the above-mentioned organic layer were combined to obtain an organic solution. The organic 
solution was washed with saturated aqueous sodium chloride solution and then dried with anhydrous sodium sulfate. 

The dried organic solution was stripped of the solvent under reduced pressure, and the residue was treated by sil- 
ica gel column chromatography (developing solvent: hexane) to obtain colorless oily (2-a»ytaxy-3-tert4xjtyl-5Hfnethoxy- 
phenyQdimethy1(2.3.4.5-tetra^ (5.00 g. yield 42%). 

1 H NMR (CDCI3) 6 0.14 (s, 6H). 1 .39 (s, 9H), 1 .70 (s. 6H), 1 .76 (S. 6H). 3.42 (s. 1 H), 3.80 (s. 3H), 4.39 (dt. 2H, J.2. 
40 2Hz), 5.27 (dq, 1H. J=2. 11 Hz). 5.53 (dq. 1 H, J«2, 17Hz), 6.03 (ddt. 1 H, J-2. 1 1 . 17Hz), 6.75 (d. 1 K J-3Hz). 6.93 

(d. 1 H, J-3HZ) 

Mass spectra (El, m/e) 399, 261, 236, 221. 162. 147, 75 
Example 53 

45 

Synthesis of cfimethytolyl(tetramet hyk^dopentac* enyf) (3-tert45uty»-5-methyl-2-phenoxy)titanium dichioride 

To a hexane solution (1 1 70 ml) of (3-tert-butyi-2-altyoxy-5-methy! 
enyQsilane (1 17.5 g, purity 85%) was added dropwise at room temperature a 1.66 M hexane solution (340 ml) of n- 

50 butyllithium. and the mixture was stirred for 1 2 hours. The supernatant of the reaction liquid was removed, and then tol- 
uene (1400 ml) and titanium tetrachloride (61 g) were added at room temperature to the remainder of the reaction liquid, 
and the resulting mixture was stirred at 95*C for 10 hours while being shielded from light 

The reaction mixture was filtered, and the solid was washed with toluene (500 ml). The filtrate and the washings 
obtained were combined, and the solvent was distilled off to obtain a reddish black tar. Toluene (250 ml) and hexane 

55 (1 150 ml) were added to the tar, the resulting mixture was heated to 65°C to form a solution, which was then allowed 
to stand at -20°C for 24 hours. The precipitate formed was collected by ffltration, washed with hexane (80 ml) and dried 
under reduced pressure to obtain a red solid. The solid was recrystallized from a solvent mixture of toluene (240 ml) 
and hexane (720 ml) to obtain a red needle-like crystals of dimethylsilyl(tetramethyl<ycloperT^ 
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methyl -2 -phenaxy)trtarium dichtoride (29. 1 g, yield 22.6%). 
Example 54 

Synthesis of (3,54i-terttxjtyl-2-tri^^ 

To a solution at -70°C of 1 4>ronrK)^,5^-teii4xjtyl-2-trimethyl6jlaxybenzene (39.0 g) dissolved in tetrahydrofuran 
(1 00 mO was added dropwise a 1.68 M hexane solution (71 .4 ml) of n-butyilithium, and the mixture was stirred at -70°C 
for 2 hours. 

The mixture obtained above was added dropwise to a solution at -70°C of dichlorodimethyisilane (66.1 ml) cfis- 
solved in tetrahydrofuran (70 ml), and the resulting mixture was brought up to room temperature over 2 hours. 

The reaction mixture was stripped of the solvent, and the residue was treated with hexane (70 mi) to extract hexan 
solubles therefrom. The solvent was distilled off from the hexane solution thus obtained to obtain pale yellow (3,5-di- 
tert-butyl-2-trimethyl$itoxyph (40.0 g, yield 99%). 

1 H NMR (CDCfe) 6 0.34 (s. 9H), 0.60 (s. 6H), 1 .28 (6. 9H), 1 .41 (s, 9H), 7.25 (d, J«2.6Hz, 1 H). 7.38 (d. J»2.6Hz, 1 H) 
Mass spectra (El. m/e) 370, 355. 313, 247, 167 

Example 55 

Synthesis of (3,5^i-tert-butyt-2-trimetW 

To a tetrahydrofuran solution (100 ml) at -70°C of cyctopentacHenyiltthium (2.20 g) was added dropwise a tetrahy- 
drofuran solution (50 ml) of (3,5Kfi-tert-butyt-2-trimethyta (9.83 g). Thereafter th 
resulting mixture was brought up to room temperature over 2 hours and then stirred at room temperature for 12 hours. 

The reaction mixture was stripped of the solvent and the residue was treated with hexane to extract haxane solu- 
bles therefrom. The hexane solution obtained was stripped of the solvent to obtain pale yeflow (3,5-dMert-buty1-2-tri- 
methylsitaxyphenyOcyciopentadi (10.43 g, yield 98%). 

1 H NMR (CDCI3) 6 0.28 (s, 6H), 0.35 (6. 9H). 1.29 (s. 9H), 1.42 (s. 9H), 6 57 (s, 1H), 7.22 (s, 1H), 7.24 (s, 2H). 7.34 
(s, 1H), 7.39 (s, 2H) 

Mass spectra (El, m/e) 400, 385, 326, 31 1, 298. 247, 215 
Example 56 

Synthesis of (3,5^i-tert-butyt-2-trimethylsikxx^ 

To a tetra hydrofuran solution (20 ml) at -70°C of (trimethylsilyteyclopentadienyl)lithium (0.85 g) was added dropwise 
a tetrahydrofuran solution (15 ml) of (3.5<iMert-buty1-2-trimetr^ (1.86 g). Thereafter 

the resulting mixture was brought up to room temperature over 2 hours and then stirred at room temperature for 12 
hours. 

The reaction mixture was stripped of the solvent and the residue was treated with hexane to extract hexane solu- 
bles therefrom. The hexane solution was stripped of the solvent to obtain pale ye^Jow oily (3 t 5<JMert-buty1-2-trimethyJ^ 
siloxypheny1)dkriQthy1(tri (2.0 g, yield 84%). 

1 H NMR (CDCb) 6 0.11 (s, 9H), 0.30 (s, 9H). 0.37 (s. 6H), 1.31 (s, 9H), 1.33 (S. 9H), 6.45 (m, 1H), 7.25 (s, 1H) 
7.28 (m, 2H), 7.37 (s ( 1 H), 7.41 (s, 1 H) 

Mass spectra (El. m/e) 472, 457, 417, 397, 382, 369, 327, 310, 147, 73 
Example 57 

Synthesis of (3-tert-butyl-5-methyl-2-trim 

To a mixture at -60°C consisting of lHbromo^-tert-butyl-5-metf^ (24.18 g) and tetrahy- 

drofuran (180 ml) was added dropwise a 1.6 M hexane solution (54.2 ml) of n-butyllrthium over 30 minutes, and the 
resulting mixture was then kept at -40°C for 3.75 hours. 

Th mixture obtained above was added dropwise to a solution at -60°C consisting of dichtorodimethytsilane (49.5 
g) and tetrahydrofuran (180 ml). The resulting solution was brought up to room temperature over 2 hours, further stirred 
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for 15 hours, and then the solvent and the excess of dichlorodimethylsilane were distilled off under reduced pressure. 

The mixture obtained above was treated with hexane to extract hexane solubles therefrom. The hexane solution 
obtained was stripped of the solvent under reduced pressure to obtain white powder of (3-tert-butyl-5-methyl-2-trimeth- 
yteiloxyphenyl)chlorodirnethytsilane (24.7 g, yield 98%). 

*H NMR (CDCI3) 5 0.35 (6, 9H). 0.62 (S, 6H), 1.42 (S. 9H), 2.28 (S. 3H), 7.06 (s, 1 H). 7.19 (s, 1H) 
Mass spectra (El, nVe) 328. 313, 271 , 205, 1 67, 93. 73 

Example 58 

Synthesis of (3-tert-butyl-5-methyl-^ 

To a tetrahydrofuran solution (20 ml) of (trimethylsilylcyck)pentadienyf)lrthium (1 .43 g) was added dropwise at -70°C 
a solution containing (3-tet1-butyl-5-methyl-2-trhrnethylsi (2.59 g) and tetrahydrofuran 

(15 ml), then the restating mixture was brought up to room temperature over 2 hours and further stirred for 12 hours. 

The reaction mixture was stripped of the solvent under reduced pressure, and the residue was treated with hexane 
to extract hexane solubles therefrom. The hexane solution obtained was stripped 0 f the solvent to obtain pale yellow 
oily (3-tert-butyl-5-methyl-2-trimet (2 9 g, yield 86%). 

1 H NMR (CDCI3) 6 0.14 (s. 9H). 0.25 (S, 9H) f 0.34 (S ( 6H), 1.28 (6, 9H), 1 .42 (s, 3H), 6,45 (S, 1 H). 7.23 (s. 1 H), 755 
(s, 2H). 7.34 (S, 1 H), 7.39 (S. 1 H) 
Mass spectra (CI, m/e) 430 

Example 59 

Synthesis of (3-tert-butyl-2-methaxy-5-methy^ 

Into a solution consisting of (3-tert-butyl-2-methoxy-5-methytpheny0cW (5.0 g). tetrahydrofuran 

(35 ml) and hexane (35 ml) was added at -35°C cydopentacBenyHithium (1 .45 g). The resulting mixture was brought up 
to room temperature over 2 hours and further stirred at room temperature for 10 hours. 

From the resulting white suspension, the solvent was distffled off under reduced pressure, and the residue obtained 
was treated with hexane to extract hexane solubles therefrom. The hexane solution obtained was stripped of the solvent 
under reduced pressure to obtain yellow oily (3-tert-butyl-2-methGxy-5-metr^^ 
(5.07 g. yield 91%). 

*H NMR (CDCI3) 6 0.22 (s. 6H), 1.35 (s, 9H), 2.26 (S, 3H), 3.56 (S, 3H). 5.25 (s. 1H). 5.84 (br, 1H), 5.87 (br. 1H). 

6.99 (br. 2H), 7.08 (s, 1H). 7.16 (s. 1H) 

Mass spectra (El, nVe) 300, 255, 205. 179, 161. 89 

Example 60 

Synthesis of (3-tertrbutyl-5Hrnethyl-2^ 

A solution consisting of (3-tert4)utyl-5-methyl-2-trimeW (2.5 g) and tetrahydro- 

furan (10 ml) was added dropwise at -40°C into a solution consisting of cydopentadienyfUthium (0.56 g) and tetrahydro- 
furan (20 ml). The resulting mixture was brought up to room temperature over 2 hours and further stirred at room 
temperature for 10 hours. 

The reaction mixture was stripped of the solvent under reduced pressure, and the residue was treated with hexane 

to extract hexane solubles therefrom. The hexane solution obtained was stripped of the solvent under reduced pressure 

to obtain pale yellow oily (3-tert-lxrtyl-5-methyl-2-trimetr^ (2 5 g. yield 

92%). 

Mass spectra (El, m/e) 358, 284. 269. 213, 205. 147, 95, 73 
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Synthesis of (3-tert4xrty1-5-methy1-2^ 

Into a solution consisting of 1 -brorTK>-3-tert-buty1-5^ (1.54 g) and tetrahydrofuran 

(15 mf) was added dropwise at -55°C over 10 minutes a 1.6 M hexane solution (3. 15 ml) of n-butyllithium. The resulting 
mixture was kept at -45°C for 45 minutes, then a solution consisting of chk)rodimethyl(tetramethylcycopentadi- 
enyOsilane (1 .0 g) and tetrahydrofuran (5 ml) was added dropwise thereinta and the reaction mixture was brought up 
to room temperature over 2 hours. The reaction mixture was stirred at room temperature for 13 days and then stripped 
of the solvent under reduced pressure. 

The mixture thus obtained was treated with hexane to extract hexane solubles therefrom. The hexane solution 
obtained was allowed to stand at -40°C overnight and the white solid thus formed was dried to obtain pale yellow oily 
(3«tert-butyl-5-methyl-2-trim (0.97 g, yield 48%). 

1 H NMR (CDCI3) 6 0.01 (s. 6H). 0.42 <s. 9H), 1.50 (s. 9H). 2.01 (s. 6H), 2.10 <s. 6H), 2.33 (s, 3H). 3.59 (s. 1 H), 7.1 1 
(s. 1H).7.23(s, 1H) 

Example 62 

Synthesis of (3-tert-buty1-2^ethaxy^me^ 

To a solution consisting of tetrahydrofuran (31 .5 mi), hexane (139 ml) and 3-tert-butyM 4xomo-2-metrK>xy-5-meth- 
ytoenzene (45 g) was added dropwise at -40°C over 20 minutes a 1 .6 M hexane solution (1 15 ml) of n-butyllithium. The 
resulting mixture was kept at -40°C lor one hour, and then tetrahydrofuran (31.5 ml) was added dropwise thereto. 

The mixture obtained above was added dropwise at -40°C into a solution consisting of dichlorocfimethyistlane (131 
g) and hexane (306 mf). The resulting mixture was brought up to room temperature over 2 hours and further stirred for 
12 hours. 

The solvent and the excess of dichlorodimethylsHane were distilled off under reduced pressure from the reaction 
mixture, and the residue was treated with hexane to extract hexane solubles therefrom. The hexane solution obtained 
was stripped of the solvent to obtain pale yellow oily (3-tert4xvityl-2^ethaxy-5*methy^ (41 .9 

g. yield 84%). 

1 H NMR (CDCI3) 6 0.68 (6. 6H), 1 .32 (s. 9H), 2.23 (s, 3H). 3.70 (e. 3H), 7.20 (s. 1 H). 7.21 (s. 1H) 
Mass spectra (El, nVe) 270, 255, 219, 189, 145. 128, 109, 93 

Example 63 

Synthesis of (3-tert-txjtyl-2-methaxy-5-m 

Into a solution consisting of (3-tert4xityl-2~metrK>xy-^^ (5.24 g) and tetrahydr - 

furan (50 ml) was added at -35°C tetrarn^hyk^ctoperrtadienyUithium (2.73 g), the resulting mixture was brought up to 
room temperature over 2 nouns and further stirred at room temperature for 10 hours. 

The reaction mixture obtained was stripped of the solvent under reduced pressure, and the residue was treated 
with hexane to extract hexane solubles therefrom. The hexane solution obtained was stripped of the solvent under 
reduced pressure to obtain yellow oily (3-tert-butyW-rr^hoxy-5^ 
dienyi)silane (6.69 g. yield 97%). 

1 H NMR (CeDe) 6 0.31 (s, 6H). 1.49 (s. 9H). 1 .81 (s, 6H), 1 .89 (s. 6H), 2.22 (s. 3H). 3.60 (S. 3H), 5.23 (s, 3H), 7.23 
(br,2H) 

Mass spectra (Ei, nVe) 356, 299, 235, 205, 1 79, 1 61 . 89 
Example 64 

Synthesis of dimethylsilyl(tetramethy^^ dichloride 

To a solution consisting of (3-tert«4xrty»-2^ethoxy-5-rr^ 
enyi)silane (1 0.04 g), toluene (100 ml) and triethytamine (6.30 g) was added dropwise at -70°C a 1.63 M hexane solu- 
tiorr(19:0Tnl) of TT*utytlithium;lheTesull3ng rhixlWe'was ftehT>rougT^"up to robrrT temperature over 2 hours and further 
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kept at room temperature for 12 hours. 

Under nitrogen atmosphere at 0°C, the mixture obtained above was added dropwise to the toluene solution (50 ml) 
of titanium tetrachloride (4.82 g), the resulting mixtur was brought up to room temperature over 1 hour and then heated 
under reflux for 10 hours. 

5 The reaction mixture was filtered, and the solvent was distilled off from the filtrate. The resulting residue was recrys- 

tallized from a totuene-hexane solvent mixture to obtain columnar orange crystals of dimethylsiiyl(tetramethy)cyclopen- 
tacfieny0(3^ert^utyl-5-methyl-2^enoxy)titanium dichloride having the following structural formula (3.46 g, yield 27%). 

*H NMR (CDCIa) 6 0.S7 (s, 6H), 1.41 (s, 9H), 2.15 (s, 6H), 2.34 (s. 6H), 2.38 (S, 3H), 7:15 (s, 1H), 7.18 (S, 1H) 
w 13 C NMR (CDCI3) 6 1.25, 14.48, 16.28, 22.47, 31.25. 36.29, 120.23. 130.62, 131.47, 133.86. 135.50, 137.37. 

140.82, 142.28. 167.74 

Mass spectra (CI, nVe) 458 
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Example 65 

35 An autoclave with an inner volume of 3 1 fitted with a stiver was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then 1 / of toluene as the solvent and 20 ml of hexene-1 as the a-olefin wer placed 
in the autoclave, and the reactor was brought up to 80*C. After the temperature rise, ethylene was fed into th reactor 
while the ethylene pressure being controlled at 12 kg/cm 2 . After the inside of the system had become stable, 1 .0 mmol 
of trHsobutytaluminum, then 2.0 jimol of isopropy1idene(cydopentad^ 

40 noxy)tHanium dichloride synthesized in Example 18, and succeedingly 6.0 nmol of triphenylmethyl tetrakis(pentafluor- 
ophenyQborate were successively charged into the reactor. Polymerization was carried out for 30 minutes while 

controilrngtheterrperature at 80°C. 

As the result of polymerization, an ethyl ene-hexene-1 copolymer having an SCB of 25 0, [t\,] of 0.77, molecular 
weight (Mw) of 35.000, molecular weight distrfoution (Mw/Mn) of 2. 1 and melting point of 94.2°C was produced at a rate 

45 of 2.65 x 10 7 g per mol of titanium per hour. 

Example 66 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and the inner 
so atmosphere was replaced with argon. Then, 198 mi of toluene as the solvent and 2 ml ol hexene-1 as the a-olefin were 
placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0.25 
mmol of trBsobutylaluminum, then 1.0 jimol of tsopropylidene(cydopentadieny^ 

dichloride synthesized in Example 10. and succeedingly 3.0 jimol of triphenytmethyt tetraWs(pentaffuoropbeny1)borate 
55 were successively charged into the reactor. Polymerization was carried out for 10 minutes while controlling the temper- 
ature at 60°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 14.7, hiJ of 1.67, molecular 
weight (Mw) of 1 20,000, molecular weight distribution (Mw/Mn) of 1 1 .3 and melting point of 1 10.6°C was produced at a 
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rate of 2.65 x 10' g per mol of titanium per hour. 
Example 67 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure, and the inner 
atmosphere was replaced with argon. Then, 198 ml of toluene as the solvent and 2 ml of hexene-1 as the a-def tn wer 
placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure bang controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0.25 
mmol of triisobutylaluminum, then I.O^imolof isopropytidene(cyclopentadfen^ dichloride 
synthesized in Example 12, and succeedingly 3.0 *tmol of triphenytmethyl tetrakfs(pemafluorophenyl)borate were suc- 
cessively charged into the reactor. Polymerization was carried out for 10 minutes while controlling the temperature at 
60°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 18.7, [th] of 0.62, molecular 
weight (Mw) of 27,000, molecular weight distribution (Mw/Mn) of 6.7 and melting point of 106.0°C was produced at a 
rate of 8.82 x 1 o 6 g per mol of titanium per hour. 

Example 68 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and the inner 
atmosphere was replaced with argon. Then, 198 ml of hexane as the solvent and 2 ml of hexene-1 as the a-olefin wer 
placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0 25 
mmol of triisobutylaluminum, then 1.0 >imol of isopropylidene (3-tert-txitylcycloperttadieny^ 
pheiwyjtitanium dichloride synthesized in Example 14, and succeedingly 3.0 junol of triphenylmethyl tetrakis(pen- 
tafluorophenyQborate were successively charged into the reactor. Polymerization was carried out for 10 minutes while 
controlling the temperature at 60°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 32.0, [i) t ] of 1.34, moleciiar 
weight (Mw) of 69,000, molecular weight distribution (Mw/Mn) of 1 .9 and melting point of 82.7°C was produced at a rat 
of 1.75 x 10 7 gper mol of titanium per hour. 

Example 69 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and the inner 
atmosphere was replaced with argon. Then, 185 ml of cydohexane as the solvent and 15 ml of hexene-1 as the a-olefin 
were placed in the autoclave, and the reactor was brought up to 1 80°C. After the temperature rise, ethylene was fed into 
the reactor while the ethylene pressure being controlled at 25 kg/cm 2 . After the inside of the system had become stable, 
0.25 mmol of triisobutylaluminum. then 1 .0 ixmol of dimethyteily1(tetramethy^ 

phencxy)titanium dichloride synthesized in Example 64, and succeetfngty 3.0 jimol of N, IShdimethylaniJinium tet- 
rakis(pentafluorophenyf) borate as the toluene solution thereof were successively charged into the reactor. Polymeriza- 
tion was carried out for 2 minutes while controlling the temperature at 180°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 33.6, [mJ of 1.03, molecular 
weight (Mw) of 51 .000, molecular weight distribution (Mw/Mn) of 2.0 and melting point of 87.4°C was produced at a rate 
of 3.36 x 10 6 g per mol of titanium per 2 rnin. 

Example 70 

An autoclave with an inner volume of 3/ fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 / of hexane as the solvent and 1 0 ml of hexene-1 as the a-olefin were placed 
in the autoclave, and the reactor was brought up to 80°C. After the temperature rise, ethylene was fed into the reactor 
while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 1 .0 mmol 
of triisobutylaluminum, then 0.5 junol of isopropylWene(c^dopentadienyl)(3- 

dichloride synthesized in Example 1(1), and succeedingly 3.0 jimol of N,N-dimethylanilinium tetrakis(pentaftuorophe- 
nyl)borate were successively charged into the reactor. Polymerization was carried out for 30 minutes while controlling 
the temperature at 60°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 27.7, [ml of 0.99, molecular 
weight (Mw) of 46.000. molecular weight distribution (Mw/Mn) of 1 .7 and melting point of 93.4°C was produced at a rate 
of 1 .60 x 10 7 g per mol of titanium per hour. 
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Example 71 

An autoclave with an inner volum of 3/ fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 /of hexane as the solvent and 20 mi of hexene-1 as the a-defin were placed 
5 in the autoclave, and the reactor was brought up to 80°C. After the temperature rise, ethylene was fed into the reactor 
while the ethylene pressure being controlled at 12 kg/cm 2 . After the inside of the system had become stable, 0.5 mmol 
of triethylaiumtnum, then 2.0 |tmol of tsopropylidene (cydoperrtacHeny1)(3-tert-butyl-5-m 

dichloride synthesized in Example 1(1), and succeedingly 6.0 jimol of triphenylmethyl tetrakis(pentafkjoropheny1)borate 
were successively charged into the reactor. Polymerization was carried out for 30 minutes while controlling the temper- 
w ature at 80°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 21.8, fail of 1.06, molecular 
weight (Mw) of 52,000, molecular weight distribution (Mw/Mn) of 1 .8 and melting point of 99.5°C was produced at a rate 
of 1 .52 x 10 7 g per mol of titanium per hour. 

15 Example 72 

An autoclave with an inner volume of 3/ fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 /of toluene as the solvent and 20 ml of hexene-1 as the a-olefin were placed 
in the autoclave, and the reactor was brought up to 80°C. After the temperature rise, ethylene was fed into the reactor 

20 while the ethylene pressure being controlled at 12 kg/cm 2 . After the inside of the system had become stable, 12.0 »imol 
of triphenylmethyl tetmMs(pentafkJorophenyl)borate, then 0.5 mmol of triisobutylaluminum, and thereafter 2.0 |imol of 
isopropytktene(cyclopemadienM dichloride synthesized in Example 1(1) 

which had been precontacted beforehand with 0.5 mmol of triisobutylaluminum for 2 minutes were successively 
charged into the reactor. Polymerization was carried out tor 40 minutes while controlling the temperature at 80°C. 

26 As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 25.8. [t^] of 1.18, molecular 
weight (Mw) of 60,000, molecular weight distribution (Mw/Mn) of 1 .9 and melting point of 94.9°C was produced at a rat 
of 2.27 x 10 7 g per mol of titanium per hour. 

Example 73 

30 

An autoclave with an inner volume of 3/ fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 / of toluene as the solvent and 20 ml of hexene-1 as the a-olefin were placed 
in the autoclave, and the reactor was brought up to 80°C. After the temperature rise, ethylene was fed into the reactor 
while the ethylene pressure being controlled at 1 2 kg/cm 2 . After the inside of the system had become stable, 1 .0 mmol 

35 of triisobutylaluminum. then 2.0 ]imoJ of isopropyHdene(c*dopentadienylX3-t 

dichloride synthesized in Example 1(1) which had been stored as a hexane solution under nitrogen at room tempera- 
ture for one month, and succeeding^ 6.0 \imo\ of triphenylmethyl tetrakis(pentaf luorophenyl)borate were successively 
charged into the reactor. Polymerization was carried out for 30 minutes while controlling the temperature at 80°C. 
As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 24.8, fa-,] of 1.18. molecular 

40 weight (Mw) of 61 ,000. molecular weight distribution (Mw/Mn) of 1 .9 and melting point of 96.3»C was produced at a rate 
of 3.51 x 10 7 g per mol of titanium per how. 

Example 74 ~ 

45 An autoclave with an inner volume of 3 / fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 / of toluene as the solvent and 20 ml of hexene-1 as the a-olefin were placed 
in the autoclave, and the reactor was brought up to 80°C. After the temperature rise, ethylene was fed into the reactor 
while the ethylene pressure being controlled at 12 kg/cm 2 . After the inside of the system had become stable, 1 .0 mmol 
of triisobutylaluminum, then 2.0 junol of isopropylkJene(cyek)pentadiei^ 

so dichloride synthesized in Example 1 (1 ), and succeedingly 1 .0 jimol of triphenylmethyl tetrakis(pentafluoropheny1)borate 
were successively charged into the reactor. Polymerization was carried out for 30 minutes while controlling the temper- 
ature at 80'C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 23.3. {ml of 1.24. molecular 
weight (Mw) of 67,000. molecular weight distrfoution (Mw/Mn) of 1 .7 and melting point of 96.7°C was produced at a rate 
55 of 2.00 x 10 7 g per mol of titanium per hour. 
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Example 75 

An autoclave with an inner volume of 3 /fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 / of toluene as the solvent and 20 ml of hexene-1 as the cc-olefin were placed 
in the autoclave, and the reactor was brought up to 40°C. After the temperature rise, ethylene was fed Into the reactor 
while the ethylene pressure being controlled at 12 kg/cm 2 . After the inside of the system had become stable. 1 .0 mmol 
of triisobutylaluminum, then 2.0 jimol of lsopropylidene(cydopentadienyt)(^ 

dichloride synthesized in Example 1 (1 ), and succeedingly 6.0 jimol of triphenylmethyt tetrak»(pentafluoroph«iyt)borat 
were successively charged Into the reactor. Polymerization was carried out for 10 minutes while controlling the temper- 
ature at 40°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 14.8, [t\{\ of 1.93, molecular 
weight (Mw) of 1 10,000, molecular weight cfistrtoution (Mw/Mn) of 2.1 and melting point of 103.8°C was produced at a 
rate of 1.27 x 10 8 g per moJ of titanium per hour. 

Example 76 

An autoclave with an inner volume of 3/ fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 / of hexane as the solvent and 10 ml of hexene-1 as the a-olefin were placed 
in the autoclave, hydrogen was added thereinto to a hydrogen pressure of 100 mmHg, and the reactor was brought up 
to 80*C. After the temperature rise, ethylene was fed Into the reactor while the ethylene pressure being controlled at 6 
kg/cm 2 . After the inside of the system had become stable, 1.0 mmol of triisobutylaluminum, then 2.0 jimol of dimethyl - 
silyl(tetramethyicyclope dichloride synthesized in Example 64, and 

succeedingly 3.0 jimol of N,N-dimethylartilinium tetrakis(pentafluoropherryl)borate were successively charged into the 
reactor. Polymerization was carried out for 30 minutes while controlling the temperature at 80*0. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 27.2, (m] of 1.69, molecular 
weight (Mw) of 99.000, molecular weight distrtoution (Mw/Mn) of 1.9 and melting point of 83.1 °C was produced at a rat 
of 1 .50 x 10 7 g per mol of titanium per hour. 

Example 77 

An autoclave with an inner volume of 3 1 fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 1 of hexane as the solvent and 20 ml of hexene-1 as the a-defin were placed 
in the autoclave, hydrogen was added thereinto to a hydrogen pressure of 200 mmHg, and the reactor was brought up 
to 60°C. After the temperature rise, ethylene was fed into the reactor while the ethylene pressure being controlled at 12 
kg/cm 2 . After the inside of the system had become stable, 0.75 mmd of triisobutylaluminum, then 0.5 jimol of cfimeth> 
yteilyl(tetramettiytc^^ dichloride synthesized in Exanple 64. 

and succeedingly 1.5 jimol of N,N<limethyianiJinium tetrakis(pentafluorophertyOborate were successively charged into 
the reactor. Polymerization was carried out tor 30 minutes whfle controlling the temperature at 80*C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 26.8, [r^] of 2.22, molecular 
weight (Mw) of 140,000, molecular weight distribution (Mw/Mn) of 1.6 and melting point of 85.6'C was produced at a 
rate of 2.00 x 1 0 7 g per mol of titanium per hour. 

Example 78 ' - -- - 

An autoclave with an inner volume of 3 / fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 / of hexane as the solvent and 20 ml of hexene-1 as the a-olefin were placed 
in the autoclave, hydrogen was added thereinto to a hydrogen pressure of 100 mmHg, and the reactor was brought up 
to 80°C. After the temperature rise, ethylene was fed into the reactor while the ethylene pressure being controlled at 12 
kg/cm 2 . After the inside of the system had become stable, 0.75 mmol of triisobutylaluminum, then 1 .0 jimol of dimeth- 
ytsilyt(tetramethylcydopem dichloride synthesized in Exarrple 64, 

and succeedingly 2.0 jimol of N.N-dimethylanNinRim tetrakis(pentafluorophenyl)borate were successively charged into 
the reactor. Polymerization was carried out for 30 minutes while controlling the temperature at 80°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 24.7, [i^l of 2.77, molecular 
weight (Mw) of 170,000, molecular weight cfistribution (Mw/Mn) of 1.8 and melting point of 87.4°C was produced at a 
rat of 3.60 x 10 7 g per mol of titanium per hour. 
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Exanple 79 

An autoclave with an inner volume of 3/ fitted with a stirrer was dried under reduced pressur and the inner atmos- 
phere was replaced with argon. Then. 1 /of hexane as the solvent and 10 ml of hexene-1 as the a-olefin were placed 

5 in the autoclave, hydrogen was added thereinto to a hydrogen pressure of 100 mmHg, and the reactor was brought up 
to 80°C. After the temperature rise, ethylene was fed into the reactor whHe the ethylene pressure being controlled at 6 
kg/cm 2 . After the inside of the system had become stable, 1 .0 mmol of triisobutylaluminum, then 0.5 fimoi of dimefthyt* 
si1yl{tetramethy1cydoperrtadienyl)(3^ dichloride synthesized in Example 64, and 

succeedingly 3.0 iimol of triphenyl methyl tetrakis(perrtaf kiorophenyQborate were successively charged into the reactor. 

w Polymerization was carried out for 30 minutes while controlling the temperature at 80°C. 

As the result of polymerisation, an ethylene-hexene-1 copolymer having an SCB of 25.2, hi] of 1.80, molecular 
weight (Mw) of 110.000, molecular weight distrfcution (Mw/Mn) of 1.8 and melting point of 84.8°C was produced at a 
rate of 4.00 x 10 7 g per mol of titanium per hour. 

is Example 80 

An autoclave with an inner volume of 3/ fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 / of hexane as the solvent and 20 ml of hexene-1 as the a-olefin were placed 
in the autoclave, and the reactor was brought up to 80°C. After the temperature rise, ethylene was fed into the reactor 
20 while the ethylene pressure being controlled at 1 2 kg/cm 2 . After the inside of the system had become stable, 1 .0 mmol 
of triisobutylaluminum, then 2.0 jimol of dimethylsilyt(tetramethy1cyc^^ 

titanium dichloride synthesized in Example 64, and succeedingly 6.0 jimol of triphenylmethyl tetrakis(pentafluoroph - 
nyl)borate were successively charged into the reactor. Polymerization was earned out for 30 minutes while controlling 
the temp era ture at 80°C. 

25 As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 24.5. foil of 4.06 and melting 
point of 84.9°C was produced at a rate of 3.88 x 10 7 g per mol of titanium per hour. 

Example 81 

so An autoclave with an inner volume of 3 / fitted with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then, 1 1 of toluene as the solvent and 20 ml of hexene-1 as the a-olefin were placed 
in the autoclave, and the reactor was brought up to 80 C C. After the temperature rise, ethylene was fed into the reactor 
while the ethylene pressure being controlled at 1 2 kg/cm 2 . After the inside of the system had become stable, 1 .0 mmol 
of triethylaluminum, then 2.0 *imol of dimethytsilyl(tetramethylcyck^ 

as nium dichloride synthesized in Example 64, and succeedingly 6.0 junol of triphenylmethyl tetrakis(pentafluorophe- 
nyJ)borate were successively charged into the reactor. Polymerization was carried out for 30 minutes while controlling 
the temperature at 80°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 25.8. [t| 1 ] of 2.97 and melting 
point of 85.9°C was produced at a rate of 1 .87 x 1 0 7 g per mol of titanium per hour. 

40 

Example 82 

An autoclave with an inner volume of 3 / f Med with a stirrer was dried under reduced pressure and the inner atmos- 
phere was replaced with argon. Then. 1 / of toluene as the solvent and 20 ml of hexene-1 as the a-olefin were placed 
45 in the autoclave, and the reactor was brought up to 80*C. After the temperature rise, ethylene was fed into the reactor 
while the ethylene pressure being controlled at 12 kg/cm 2 . After the inside of the system had become stable. 1 .0 mmol 
of triisobutylaluminum, then 1 .0 junol of dimethylsilyl(tetramethyl^ 

nium dichloride synthesized in Example 64, and succeedingly 6.0 junol of triphenylmethyl tetralris(pentafluorophe- 
nyl)borate were successively charged into the reactor. Polymerization was carried out for 30 minutes while controlling 
so the temperature at 80°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 27.2, foil of 4.27 and melting 
point of 84. 1 Q C was produced at a rate of 8.70 x 1 0 7 g per mol of titanium per hour. 

Example 83 

55 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and the inn r 
atmosphere was replaced with argon. Then, 198 ml of toluene as th solvent and 2 ml of hexene-1 as the a-olefin were 
placed in the autoclave, and the reactor was brought up to 60°C. After the temperatur rise, ethylene was fed into the 
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reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 1 .0 
mmol of methytalumaxane (PMAO, mfd. by Tosoh-Akzo Corp.), then 1.0 fimol of dimethytsilyl(tetramethylcydopentadi- 
enyQ (3-tert4xrtyl-5-methyt-2^enoxy)titani urn dichloride synthesized in Example 64, and eucceedingly 3.0 jimol of 
trfphenylmethyl tetraki8(pentafluorophenyt)bofat were successively charged into th reactor. Polymerization was car- 
5 ried out for 1 0 minutes while controlling the temperature at 60°C. 

As the result of polymerization, an ethytene-haxene-1 copolymer having an SCB of 28 3, [m] of 3.01 and melting 
point of 80.6°C was produced at a rate of 2.76 x 1 0 7 g per mol of titanium per hour. 

Example 84 

10 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and the inner 
atmosphere was replaced with argon. Then, 198 ml of toluene as the solvent and 2 ml of hexene-1 as the a-olefin were 
placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0.25 
is mmol of triisobutylaluminum, then 1 .0 |imol of dimethyl6ifyKtetramethylcyclopentadi - 
noxy)titanium cfichloride synthesized in Example 64, and succeectingJy 3.0 jimol of tris(pentafluorophenyf)borane wer 
successively charged into the reactor. Polymerization was carried out tor 10 minutes while controlling the terrperatur 
a!60°C. 

As the result of polymerization, an ethyl ene-hexene-1 copolymer having an SCB of 25.4, [t^] of 4.45 and melting 
20 point of 852°C was produced at a rate of 6.48 x 10 6 g per mol of titanium per hour. 

Example 85 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and the inner 
25 atmosphere was replaced with argon. Then, 198 ml of hexane as the solvent and 2 ml of hexene-1 as the a-olefin wer 
placed in the autoclave, and the reactor was brought up to 60°G. After the temperature rise, ethylene was fed int th 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 1 .0 
mmol of methylafumoxane (MMAO type 3A, mfd. by Tosoh-Akzo Corp., toluene solution), then 1 .0 jxmol of dimethylsi- 
ly1(tetramethylcydopentadieny^ titanium dichloride synthesized in Exanple 64, and 

30 succeedingly 3.0 |imol of triphenyi methyl tetrakis(pentaf luorophenyl)borate were successively charged into the reactor. 
Polymerization was carried out for 10 minutes while controlling the temperature at 60°C. 

As the result of polymerization, an ethyl ene-hexene-1 copolymer having an SCB of 24.7, [r^] of 1.74, molecular 
weight (Mw) of 1 00,000, molecular weight distribution (Mw/Mn) of 2.5 and melting point of 93.8°C was produced at a 
rate of 1.29 x 10 7 g per mol of titanium per hour. 

35 

Example 86 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and the inner 
atmosphere was replaced with argon. Then, 198 ml of hexane as the solvent and 2 ml of hexene-1 as the a-olefin were 

40 placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed int th 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 1 .0 
mmol of isobutytalumoxane (PBAO mfd. by Tosoh-Akzo Corp.), then 1 .0 jimol of dimethylsilyi(tetramethylcydopentadi' 
eriyt)(3-tert-buty)^ in Exarrple 64, and succeedirigly 3.0 ]m\dt of 

triphenytmethyi tetrakis(pentaftucrophenyt)borate were successively charged into the reactor. Polymerization was car- 

45 ried out for 1 0 minutes whHe controlling the temperature at 60°C. 

As the result of polymerization, an ethyiene-hexene-1 copolymer having an SCB of 35.0, hi] of 3.51 and melting 
point of 74.1 °C was produced at a rate of 3.67 x 1 0 7 g per mol of titanium per hour. 

Example 87 

so 

A toluene solution of methylalumoxane (PMAO. mfd. by Tosoh-Akzo Corp.) was stripped of the solvent and dried 
under reduced pressure. The dried solid methylalumoxane was again dissolved in toluene. 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and the inner 
atmosphere was replaced with argon. Then, 1 98 ml of toluen as the solvent and 2 ird of hexene-1 as the a-olefin wer 
55 placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into th 
reactor wtnJe the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 1 .0 
mmol of the toluen solution of methylalumoxane obtained by treating, drying and redissoiving as described above, 
then 1.0 fimol of dimethylsilyl(tetrame^ dichloride synthe^ 
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sized in Example 64, and succeeding!/ 3.0 jimol of triphenytmethyl tetmkis(pentafluorophenyl)borate were succes- 
sively charged into the reactor. Polymerization was carried out for 1 0 minutes while controlling the temperature at 60°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCBof 33.8, {t^] of 3.54, and melting 
point of 75 6°C was produced at a rate of 3.21 x 10 7 g per mol of titanium per hour. 

5 

Example 88 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure and the inner 
atmosphere was replaced with argon. Then, 198 ml of toluene as the solvent and 2 ml of hexene-1 as the a-defin were 
10 placed in the autodave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the Inside of the system had become stable. 0.25 
mmol of triisobutylaluminum, then 1.0 junol of dimethylsily1(tetramethyl<y^ 

noxy)titanium cfichloride synthesized in Example 64, and succeedingty 3.0 junol of N.N-dimethylanilinium tetrakis(pen- 
tafluorophenyQborate were successively charged into the reactor. Polymerization was carried out for 10 minutes while 
is controlling the temper a ture at 60°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 31.4, fi)i] of 4.17 and melting 
point of 83.0*C was produced at a rate of 3.56 x 10 7 g per mol of titanium per hour. 

Example 89 

20 

An autoclave with an inner volume of 0.4 / fitted with a stirrer was dried under reduced pressure, and the inner 
atmosphere was replaced with argon. Then, 198 ml of hexane as the solvent and 2 ml of hexene-1 as the ot-olefin were 
placed in the autoclave, and the reactor was brought up to 60°C. After the temperature rise, ethylene was fed into the 
reactor while the ethylene pressure being controlled at 6 kg/cm 2 . After the inside of the system had become stable, 0.25 

25 mmol of triisobutylaluminum, then 1.0 nmol of dimethylsilyl(tetramethylc^^ 

noxy)titanlum dichloride synthesized in Example 64, and succeedingly 3.0 jimol of N.N-dimethylanilinium tetratis(pen- 
tafluorophenyQborate were successively charged into the reactor. Polymerization was carried out for 10 minutes while 
controlling the temper a ture at 60°C. 

As the result of polymerization, an ethylene-hexene-1 copolymer having an SCB of 29.0, [ml of 3.64 and melting 

so point of 80.9°C was produced at a rate of 3.18 x 10 7 g per mol of titanium per hour. 

Example 90 

A 2 / glass separable flask fitted with a reflux tube, three dropping funnels, thermometer and monomer blow-in tube 
as was thoroughly flushed with nitrogen, and then 1 /of hexane was placed therein. The feed of ethylene gas and of pro- 
pylene gas were started through the blow-in tube at a rate of 8 l/fritn and 2 //min, respectively. While the inner temper- 
ature being controlled at 30°C with an external water bath jacket and after confirming that the content of the flask had 
been thoroughly saturated with respective gases, catalyst components were added to the flask from the dropping fun- 
nels in the successive order of 0.25 mmol of triisobutylaluminum (1 mmoi/ml hexane solution), 0.001 mmol of dimethyl- 
40 sifyt(tetramethytydopentadien^ dichloride synthesized in Exampl 1(1) 

dissolved in hexane, and finally 0.005 mmol of triphenytmethyl tetraWs(pentafluorophenyO borate dissolved in toluene, 
to initiate polymerization. After the lapse of 30 minutes, 10 rrt of ethanol was added to stop polymerization. After the 
stop of polymerization, the resulting hexane solution containing polymer was concentrated tinder reduced pressure and 
then added into 1 / of ethanol solvent, to precipitate the polymer. The precipitated polymer was dried under reduced 
45 pressure at 80°C for twenty-four hours. Resuttantly 5.6 g of polymer was obtained. The analysis of the polymer 6howed 
that the polymer contained 57.8% by weight of propylene units and 42.2% by weight of ethylene units and had an intrin- 
sic viscosity hd of 5.64 dl/g. 

Example 91 

50 

Polymerization was carried out in the same manner as in the polymerization of ethylene and propylene of Example 
90 except that 8 mmol of 5-ethy1idene-2-nortocrnene (ENB) was further added. Resuttantly, 1.7 g of polymer was 
obtained. The analysis of the polyrher showed that the polymer contained 39.7% by weight of propylene units, 53.5% 
by weight of ethylene units and 6.75% by weight of ENB units and had an Intrinsic viscosity [nd of 5.64 cfl/g. 

55 

Example 92 

Polymerization was carried out in the same manner as in the polymerization of ethylen and propylene of Example 



59 



EP0 842 S39A1 



90 except that butene-1 was fed at a rate of 0.06 i/trtin in place of propylene, and the amounts of dimethylsilyl(tetram- 
ethylcyctopentacfieny0(3-t^ dichlohde and triphenylmethyl tetraki&(pentaf luorophe- 

nyl)borate used were changed to 0.0002 mmol and 0.001 mmol. respectively. Resultantly. 1.7 g of polymer was 
obtained. The analysis of the polymer showed that the polymer contained 9.3% by weight of butene-1 units and 90.7% 
by weight of ethylene units and had an intrinsic viscosity ftd of 5.99 dl/g. 

Example 93 

A stainless steel autoclave with an inner volume of 2/ fitted with an electromagnetic stirrer, thermometer and cat- 
alyst addition apparatus was thoroughly flushed with nitrogen, and then 800 ml of toluene. 32 g of propylene, 16 mmol 
of ENB and 50 g of ethylene were charged thereinto. Then the inner temperature was controlled at 60°C by means of 
an external warm-water jacket, and after the temperature had become stable, there were added from the catalyst addi- 
tion apparatus, in the successive order, 0.50 mmol of triisobutylaluminum. 0.001 mmol of di methy)siiyl(tet ramethylcy * 
cloperttactieriy0(3-teii-butyl-5-methyl-2 dichloride synthesized in Example 1 dissolved in hexane. and 

finally 0.015 mmol of trip hen yl methyl tetmkis(pentafluorophenyOborate l to initiate polymerization. At the point of tim 
when 1 hour had elapsed after the initiation of polymerization, 10 ml of ethanol was added to stop the polymerization. 
After the stop of polymerization, unreacted monomers were purged and then a toluene solution containing polymer dis- 
solved therein was recovered. The toluene solution was concentrated by heating, and then about 1 / of ethanol was 
added thereto to precipitate the polymer. The precipitated polymer was dried in a vacuum dryer for twenty-four hours to 
obtain 53.2 g of polymer. The analysis of the polymer showed that the polymer had a composition of 30.8% by weight 
of propylene units, 66.7% by weight of ethylene units and 2.5% by weight of ENB units and had an intrinsic viscosity 

[ife] of 5.98 dl/g. 
Example 94 

The same procedures as in the polymerization of Ex except that ENB was not used and the 

amount of dimethyt&tiyl(tetramethyteycJ^^ dichloride was changed 

to 0.0005 mmol. Resultantly 40.6 g of polymer was obtained. The analysis of the polymer showed that the polymer had 
a composition of 32.4% by weight of propylene units and 67.6% by weight of ethylene units and had an intrinsic viscos- 
ity [t^] of 5.21 dl/g. 

Example 95 

The same procedures as in the polymerization of Example 94 were followed to polymerize ethylene and butene-1 
except that 120.0 g of butene-1 was used in place of propylene, the amount of ethylene was changed to 59.0 g, the 
amount of triphenyi methyl tetrakis(pentafluorophenyl)borate was changed to 0.002 mmol and polymerization was 
stopped at the point of time when the amount of ethylene absorbed had reached 3.0 g. As the result. 3.45 g of polymer 
was obtained. The analysis of the polymer showed that the polymer had a composition of 53.5% by weight of butene-1 
units and 46.5% by weight of ethylene units, and had an intrinsic viscosity fod of 1 .46 dl/g. 

Example 96 

The same procedures as in the polymerization of Example 95 were followed to polymerize ethylene and butene-1 
except that the amounts of butene-1, ethylene and triphenylmethyl tetraWs(pentafluorophenyl)borate used were 
changed to 15.0 g, 43.0 g and 0.003 mmol, respectively, and the polymerization temper a ture was changed to 80°C. 
Resultantly, 3.47 g of polymer was obtained. The analysis of the polymer showed that the polymer had a corrposrtion 
of 12.0% by weight of butene-1 units and 88.0% by weight of ethylene units and had an intrinsic viscosity fod of 3.37 
dl/g. 

Example 97 

The same procedures as in the polymerization of Example 95 were foHowed except that the amounts of ethylen 
and butene- 1 used were changed to 56 g and 56 g, respectively, 8 mmol of ENB was adcfitionally used, and the amounts 
of dimethylsilyl(tetiBnwthylcydopentad dichloride, triphenylmethyl tet- 

rakis{pentafluorophenyt)borate and triisobutylaluminum used were changed to 0.002 mmol, 0.0025 mmol and 1.00 
mmol, respectively. Resultantly, 10.65 g of polymer was obtained. The analysis of the polymer showed that th polymer 
had a composition of 26.7% by weight of butene-1 units, 71 .8% by weight of ethylen units and 1 .46% by weight of ENB 
units and had an intrinsic viscosity fad of 2.08 dl/g. 
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Exampl 98 

A 2 / glass separable flask fitted with a reflux tube, three dropping tunnels, thermometer and monomer Wow-in tube 
was thoroughly flushed with nitrogen, and then 1 / of toluene was placed therein. The feed of ethylene gas and of pro- 

5 pylene gas were started through the blow-in tube at a rate of 8 iTmtn and 2 //turn, respectively. While the inner temper- 
ature being controlled at 30°C with an external water bath jacket and after confirming that the content of the flask had 
been thoroughly saturated with respective gases, catalysts were added to the flask from the dropping funnels in the suc- 
cessive order of 0.10 mmol of triisobutylalumtnum (1 mmol/ml hexane solution), 0.002 mmol of isopropyli- 
dene(cydopentadieny1)(3-tert-butyl-5-metW^ chloride synthesized in Example 1(1) dissolved in 

10 hexane, and finally 0.010 mmol of triphenylmethyl tetralds(pentaffluorophenyl)borate dissolved in toluene, to initiate 
polymerization. After the lapse of 30 minutes, 10 ml of ethanol was added to stop polymerization. After the stop of 
polymerization, the resulting hexane solution containing polymer was concentrated under reduced pressure and then 
added into 1 / of ethanol solvent to precipitate the polymer. The precipitated polymer was dried under reduced pressure 
at 80°C for twenty-four hours. Resurtantly, 1 5.4 g of polymer was obtained. The analysts of the polymer showed that the 

is polymer contained 49.0% by weight of propylene units and 51 .0% by weight of ethylene units and had an intrinsic vis- 
cosity {r\d of 0.50 cH/g. 

Example 99 

zo The same procedures as in the polymerization of ethylene and propylene of Example 98 were followed except that 
the feed rate of ethylene was changed to 7 /Anm and that of propylene to 1 ifmin. and 4 mmol of 5-ethyiidene-2-nor- 
bornene (ENB) was added. Resuttantly, 6.6 g of polymer was obtained. The analysts of the polymer showed that th 
polymer contained 39.0% by weight of propylene units, 59.3% by weight of ethylene units and 1 .75% by weight of ENB 
units and had an intrinsic viscosity fod of 1 .35 dl/g. 

25 

Example 100 

The same procedures as in the polymerization of ethylene and propylene of Example 98 were followed except that 
butene-1 was fed at a rate of 0. 1 1 tfmin in place of propylene. Resuttantly, 4.2 g of polymer was obtained. The analysis 
30 of the polymer showed that the polymer contained 9.2% by weight of butene-1 units and 90.8% by weight of ethylene 
units and had an intrinsic viscosity of 1 .70 dl/g. 

Exarrple 101 

as The same procedures as in the polymerization of ethylene and butene-1 of Example 100 were followed except that 
the polymerization temperature was changed to 60°C and the feed rate of butene-1 to 0.13 Z/min. Resurtantly, 10.6 g of 
polymer was obtained. The analysis of the polymer showed that the polymer contained 9.2% by weight of butene-1 
units and 90.8% by weight of ethylene units and had an intrinsic viscosity [r\ 2 ] of 1 .1 1 dl/g. 

40 Example 102 

The same procedures as in the polymerization of ethylene and butene-1 of Example 100 were followed except that 
trimethyialuminum was used in place of triisobutylaluminum; As the result, 4.8 g of polymer was obtained. The analysis 
of the polymer showed that the polymer contained 1 1 .4% by weight of butene-1 units and 88.6% by weight of ethylene 
45 units and had an intrinsic viscosity of 0.87 dl/g. 

INDUSTRIAL APPLICABILITY 

As set forth above, according to the present invention, there are provided a complex soluble in saturated hydrocar- 
50 bon solvents which has a ligand comprising an aromatic ring having a hetero atom in the substrtuent and a cyclopenta- 
dienyl ring linked with each other through a oovalent bonding group, and an olefin polymerization catalyst containing the 
conplex which has a high activity at industrially efficient temperatures. Furthermore, by using the catalyst, olefin poly- 
mers, particularly linear tow density polyethylene, ethylene-a-olef in copolymer rubber and ethylene-a-olef in-non-conju- 
gated diene copolymer rubber, which have a high molecular weight and narrow composition distribution can be 
55 produced with good efficiency. 
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1 . A transition metal complex represented by the formula (1) 




wherein M 1 is a transition metal atom of the group 4 of the periodic table of elements. A is an atom of the group 16 
of the periodic table of elements and Bis an atom of the group 14of the periodic table of elements; Cp 1 isagnxp 
having a eydopentadiene type anionic skeleton; and X\ X 2 , R\ R 2 , R 3 . R 4 , R 5 and R 6 are each independently a 
hydrogen atom, halogen atom, alky! group with the number of carbon atoms of 1-20 optionally substituted with at 
least one halogen atom, araJkyl group with the number of carbon atoms of 7-20 optionally substituted with at least 
one halogen atom, aryt group with the number of carbon atoms of 6-20 optionally substituted with at least one hal- 
ogen atom, substituted silyl group with the number of carbon atoms of 1-20 optionally substituted with at least one 
halogen atom, alkoxy group with the number of carbon atoms of 1-20 optionally substituted with at least one halo- 
gen atom, aralkyloxy group with the number of cartoon atoms of 7-20 optionally substituted with at least one halo- 
gen atom, aryloxy group with the number of cartoon atoms of 6-20 optionally substituted with at least one halogen 
atom, or di-substituted amino group with the number of carbon atoms of 2-20, provided that R 1 . R 2 , R 3 , R 4 , R 5 and 
R 6 may optionally combine with each other to form a ring. 

2. The transition metal complex according to claim 1 wherein A in the formula (1) is an oxygen atom. 

3. The transition metal complex according to claim 1 or 2 wherein R 1 in the formula (1) is an alkyt group with the 
number of carbon atoms of 1-20 optionally substituted with at least one halogen atom, arafkyl group with the 
number of carbon atoms of 7-20 optionally substituted with at least one halogen atom, aryi group with the nurrtoer 
of carbon atoms of 6-20 optionally substituted with at least one halogen atom or substituted silyl group with the 
number of carbon atoms of 1-20 optionally substituted with at least one halogen atom. 

4. The transition metal complex according to any of claims 1 -3 wherein X 1 and X 2 in the formula (1) is each independ- 
ently a halogen atom, alkyi group with the number of cartoon atoms of 1-20 optionally substituted with at least one 
halogen atom, aralkyt group with the number of carbon atoms of 7-20 optionally substituted with at least one halo- 
gen atom, or aryl group with the number of carbon atoms of 6-20 optionally substituted with at least one halogen 
atom. _ . .. . _ . 

5- A process for producing the transition metal complex according to claim 1 which comprises reacting a substituted 
cydopentadienyl compound represented by the formula (2) 
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wherein Cp 2 is a group having a cyclopentadiene skeleton, R 7 is a hydrocarbon group optionally substituted with 
at least one halogen atom or a tri-substituted silyl group, and A. B. R 1 . R 2 , R 3 . R 4 , R 5 and R 6 are respectively the 
same as defined above, with a base, and then reacting the resulting reaction product with a transition metal com- 
pound represented by the formula (3) 



20 




wherein X 3 and X 4 are each independently a hydrogen atom, halogen atom, aJkyl group with the number of carbon 
atoms of 1-20 optionally substituted with at least one halogen atom, aralkyi group with the number of carbon atoms 
of 7-20 optionally substituted with at least one halogen atom, aryl group with the number of carbon atoms of 6-20 
optionally substituted with at least one halogen atom, substituted silyl group with the number of carbon atoms of 1 - 
20 optionally substituted with at least one halogen atom, alkoxy group with the number of carbon atoms of 1-20 
optionally substituted with at least one halogen atom, aralkytoxy group with the number of carbon atoms of 1-20 
optionally substituted with at least one halogen atom, arykxxy groip with the number of carbon atoms of 1-20 
optionally substituted with at least one halogen atom, or cfi-substituted amino group with the number of carbon 
atoms of 2-20. and M 1 , X 1 and X 2 are respectively the same as defined above. 



35 6. The process for producing the transition metal complex according to daim 5 wherein the substituted cycloperrtadi 
ertyl compound represented by the formula (2) is produced by any of the process [1]-[3] described below: 

[I] a process which comprises reacting a halogenated aryl compound represented by the formula (9) 



Y 4 R 7 



45 




50 

wherein Y 4 is a halogen atom, and A, R 1 , R 2 , R 3 , R 4 , and R 7 are respectively the same as defined above, with 
an organoalkali metal salt or metallic magnesium, then reacting the reaction product with a cydopentadienyli- 
dene compound represented by the formula (4) 



63 



EP 0 842 939 A1 




Cp 3 (4) 



wherein Cp 3 is a group having a cyctopentadienylidene skeleton, and R 5 and R 6 are respectively the same as 
defined above, and then reacting the resulting reaction product with water; 

[II] a process which comprises reacting the halogenated aryl compound represented by the formula (9) with a 
dihalide compound represented by the formula (7) 




wherein Y 1 and Y 2 are each a halogen atom, B'isan atom of group 1 4 other than carbon atom, and R 5 and R € 
are respectively the same as defined above, in the presence of an organoalkali metal compound or metallic 
magnesium to obtain a halide compound represented by the formula (5) 




(5) 



wherein A. B\ R 1 . R 2 . R 3 R 4 , R 5 t R 6 , R 7 and Y 1 are respectively the same as defined above, and then reacting 
the halide compound with a cyctopentadienyl metal salt represented by the formula (6) 

I^Cp 2 (6 ) 
wherein M 2 is an alkali metal atom, and Cp 2 is as defined above; 

[III] a process which comprises reacting the halogenated aryl compound represented by the formula (9) with a 
halide corrpound represented by the formula (8) 




wherein Y 3 is a halogen atom, and B\ Cp 2 , R 5 and R 6 are respectively the same as defined above, in the pres- 
ence of an organoalkali metal compound or metallic magnesium. 

The process for producing th transition metal complex according to claim 6 wherein the halogenated aryl com- 
pound represented by the formula (9) is produced by reacting a halogenated aryl compound represented by the for- 
mula (10) 
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(10) 



wherein A, R 1 , R 2 , R 3 , R 4 and Y 4 are respectively the same as defined above, with a halide represented by the for- 
mu(a(H) 



(11) 



wherein Y 5 is a halogen atom and R 7 is as defined above, in the presence of a base. 

8. A substituted cyclopentadienyl compound represented by the formula (2). 

9. A process for producing a substituted cyclopentadienyl compound represented by the formula (2a) 




(2a) 



wherein A. Cp 2 . R 1 , R 2 . R 3 . R 4 . R 5 . R 6 and R 7 are respectively the same as defined above, which comprises react- 
ing a halogenated aryl conpound represented by the formula (9) with an organoalkaH metal salt or metallic mag- 
nesium, then reacting the reaction product with a cyclopentacfi enyfidene compound represented by the formula (4). 
and then reacting the resulting reaction product with water. 

10. The process for producing a substituted ^ the halogenated 
aryl compound represented by the formula (9) is produced by reacting a halogenated aryl compound represented 
by the formula (10) with a halide represented by the formula (11) in the presence of a base. 

11. A process for producing a substituted cyclopentadienyl compound represented by the formula (2b) 
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wherein A. B\ Cp 2 R 1 , R 2 R 3 , R 4 , R 5 , R 6 and R 7 are respectively the same as defined above, which conprises 
reacting a halide compound represented by the formula (5) with a cyclopentadienyl metal salt represented by the 
formula (6). 

1 2. The process for producing a substituted cyclopentadienyl compound according to claim 1 1 wherein the halide com- 
pound represented by the formula (5) is produced by reacting a halogenated aryf compound represented by the for* 
mula (9) with a dihafide compound represented by the formula (7) in the presence of an organoalkali metal 
compound or metallic magnesium. 

13. The process for producing a substituted cyclopentadienyl compound according to claim 12 wherein the halogen- 
ated aryl compound represented by the formula (9) is produced by reacting a halogenated aryl compound repre- 
sented by the formuJa (10) with a halide represented by the formula (1 1) in the presence of a base. 

14. A process for producing a substituted cyclopentadienyl compound represented by the formula (2b) which com- 
prises reacting a halogenated aryl compound represented by the formula (9) with a halide conrpound represented 
by the formula (8) in the presence of an organoalkali metal compound or metallic magnesium. 

15. The process for producing a substituted cyclopentadienyl compound according to claim 14 wherein the halogen- 
ated aryl compound represented by the formula (9) is produced by reacting a halogenated aryl compound repre- 
sented by the formula (1 0) with a halide represented by the formula (1 1) in the presence of a base. 

IS. A halide compound represented by the formula (5). 

17. A process tor producing the halide compound according to claim 16 which comprises reacting a halogenated aryl 
compound represented by the formula (9) with a dihalide compound represented by the formula (7) in the presence 
of an organoalkali metal compound or metallic magnesium. 

18. The process according to claim 17 wherein the halogenated aryl compound represented by the formula (9) is pro- 
duced by reacting a halogenated aryl compound represented by the formula (10) with a halide represented by th 
formula (11) in the presence of a base. 

19. A halogenated aryl compound represented by the formula (9) wherein R 7 is an alkenyl group. 

20. A process for producing the halogenated aryl compound according to claim 19 which comprises reacting a halo- 
genated aryl compound represented by the formula (10) with a halide represented by the formula (11) wherein R 7 
is an alkenyl group, in the presence of a base. 

21 . An olefin polymerization catalyst which conprises the transition metal complex according to any of claims 1-4 and 
a compound (A) descrtoed below: 

(A) any one of the following compounds (A1)-(A3) or the mixture of two or three thereof, 

(A1) an organoaluminum compound represented by the formula E^ & AJZ^ A 

(A2) a cyclic aluminoxane having th structure represented by the formula {A/(E 2 )-0-}b 
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(A3) a linear aluminoxane having the structure represented by the formula E 3 {A/(E 3 ) 0-} c A/E 3 2 
wher in E n -E 3 are each a hydrocarbon group with the number of carbon atoms of 1-8, and all E 1 , all E 2 
and all E 3 may be the same with or different from each other; Z is a hydrogen atom r halogen atom, and 
all Z may be the same with or different from each other; a is the number specHied by 0 < a S3, b is an inte- 
ger of 2 or more, and c is an integer of 1 or more. 

22. An olefin polymerization catalyst which comprises the transition metal complex according to any of claims 1-4 and 
the following compounds (A) and (B): 

(A) any one of the following compounds (A1 HA3) or the mixture of two or three thereof: 

(A1) an organoaluminum compound represented by the formula E 1 a A/Z 3 . a 
(A2) a cyclic aluminoxane having the structure represented by the formula {A*<E 2 )-0-} b 
(A3) a linear aluminoxane having the structure represented by the formula E 3 {A/(E 3 )-0-} c A/E 3 2 
wherein E 1 -E 3 are each a hydrocarbon group with the number of carbon atoms of 1-8, and all E 1 , all E 2 
and all E 3 may be the same with or different from each other; Z is a hydrogen atom or halogen atom and 
all Z may be the same with or different from each other; a is the number specified by 0 < a S3, b is an inte- 
ger of 2 or more and c is an integer of 1 or more, 

(B) any of the following compounds (B1)-(B3): 

(B1 ) a boron compound represented by the formula BQ 1 Q 2 Q 3 , 

(B2) a boron compound represented by the formula Z+fBQ^tfQ 4 )", 

(B3) a boron compound represented by the formula (L-H)*(BQ 1 Q 2 Q 3 Q 4 )\ 

wherein B is a boron atom of a tri-valent valence state; CT-Q 4 are each a halogen atom, hydrocarbon 
group with the number of carbon atoms of 1-20, halogenated hydrocarbon group with the number of car- 
bon atoms of 1-20, substituted silyf group with the number of carbon atoms of 1-20, alkoxy group with the 
number of carbon atoms of 1-20 or di-substituted amino group with the number of carbon atoms of 2-20, 
and they may be the same with or different from each other. 

23. The olefin polymerization catalyst according to claim 21 or 22 wherein the compound (A) is triethylaluminum, tri- 
isobutylaluminum, or methyial uminoxane. 

24. A process for producing olefin polymers which comprises using the olefin polymerization catalyst according to any 
of the claims 21 -23. 

25. The process for producing olefin polymers according to claim 24 wherein the olefin polymer is ethylene-a-olefin 
copolymer. 

26. The process tor producing olefin polymer according to claim 24 wherein the olefin polymer is ethylene-a-ole* in 
copolymer rubber. 

27. The process tor producing olefin polymers according to claim 24 wherein the olefin polymer is ethylene-a-olefin-_ 
nonconjugated diene copolymer rubber. 
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